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^^mparetU pressure has to be overcome before it is appre- 
^^Pciabie ou a steam-gauge. As the eteaoi-fittor lias little, 
if anything, to do with pressures below atmosphere, 
the tables, etc., herein used will be modified, to com- 
mence at atmospheric pressure (147 pounds nf the 
absolute scale), thus conveying comparison iu the 
ordinary terms to which the steam-fitter is accustomed 
aud preventing the necessity of a mental calculation^ 
which always involves fractions and eujoins a task 
which should not be thrown on a practical working. 
man or a beginner. Therefore, all pressures men- 
tioned will be a-ppareitt prasswres— -namely, pressures 
which would be indicated by a properly regulated steam- 
gauge. 

An endeavor will also be made to confine the work 
to facts as developed by practice, experience and ex- 
periment, refraining from comment and opinion except 
where the want of an explanation might lead to error 
or misunderstanding. 

The first part of the book will be devoted to the 
principles of heating apparatus, etc., and the latter 
part to the details and to an amplificfttion of such 
parts as are likely to change. 
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PREFACE TO THE SIXTEENTH EDITION. 

In 1879 the first edition of this work appeared. It 
could be called nothing more than a collection of 
suggestions or hints, as stated in the preface of the 
earlier editions. These earlier editions were the pub- 
lisher's editions, being reprints, with slight corrections, 
but without revision. So far as the work related to 
the principles of steam heating, where the water of 
condensation is returned by gravitation to the boiler, 
there could be little change in the book. To bring it 
down to modem practice in the use of steam by other 
methods, a general revision was necessary. Therefore 
the whole former book is superseded by one whose 
date and practice harmonize. I therefore endeavor to 
give some facts relating to the principles of modern 
steam fitting, which, since the writing of my first book, 
has risen to the dignity of a branch of engineering 
science that may be known as domestic engineering, 
and which includes substantially all that goes to make 
up the engineering plant of a modem city building, 
excepting the electric -light and elevator systems, which 
do nU properly belong to the subject. 
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CHAPTER L 

GRAVITY CIRCULATING APPARATUS. 

What is known as a low pressure gravity cir. 
cuiating apparatus is one in which the water of con- 
densation from radiators and pipes returns to the 
boilers of its own weight without the assistance of 
mechanical contrivances. It is the apparatus used in 
wanning private residences and sometimes churches 
and schools, though many large churches and schools 
at the present day have electric lighting or fan engines 
and pumps, the exhaust steam from which is of so 
much value that the gravity apparatus will probably 
soon be ussd only in the warming of private resi- 
dences and detached buildings where steam for 
warming purposes alone is required. The term 
low-pressure is a very general one, and usually 
it is accepted in the trade as meaning from atmo- 
spheric pressure to a pressure of about 10 pounds 
above it. An apparatus, however, that will work pro- 
perly and return its water of condensation into a 
boiler at 10 pounds will work equally well at any 
higher pressure, and then it is simply called a gravity 
apparatus, and sometimes known as a high pressure 
gravity apparatus. 

There are four systems of low pressure steam piping 

in use. 

The first ^od probably the best knovii, ia vj\i«^^ A'a 
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GRAVITY-CIRCVLATISG APPARATUS. 3 

to-day designated as the two-pipe system, iu wbicb 
the Qiaiu return riser is carried below tlie water liiie. 
Ad example of it is sbowo id Fig. 1. 

Tliesecoud system employed is kunwa as the sepa. 
rate return pipe system. It differs from the first iu 
that the return pips from every coil and radiator is 
carried below the water line of the boiler directly 
from the radiator before it joins and couuects iuto the 
return pipe. It consists of the miuu horizontal dis- 
tribating pipes, distributing risers, and a main hori- 
zontal return pipe, correspondiug to the main ilis- 
tribating pipe, to which is connected the separate 
retnm risers from every coil or radiator ; the returns 
not, connecting with each other uutil they go below 
the water line of the boiler. (See example iu Fig. 2.) 

The third system oE gravity return consists of a 
main distributing pipe with distributing steam risers, 
includiug corresponding return mains, but no return 
water pipes from the radiators. The distributing 
riser carries the water of condeusatiou back within 
itself to a relief pipe, carried below the water line, 
connecting with the main return pipe on the basement 
floor, which conveys the water iuto the return system, 
and thus tu the boiler. This system is shown in Fig. 3. 

Fig. 4 shows a iiiodiQcation of this system, in 
which there may be said to be no return pipe. The 
steam pipe A/^starts from the biiiler and runs all 
around the building of large diameter, gradually 
pliching downward to the point B, where it drops 
i.tddenly below the water line and outers the boiler at 
C. This ateam loop of large diameter around the 
whole basement becomes substantially a part of the 
boiler. The risiug lines D D start almost Avceti^iX-^ 
ipwards from it, and the water of condeuaaWou \a\\* 
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back witliin the wimo and goes on with the steam in 
the din^ction of the arrows to the point C, where it 
enters the boiler. 

A connection of small diameter — about a one-inch 
pipe— between the main steam-pipe A and the main 
return pipe B-C close to the boiler will be found to be 
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pipes in the basement are large and the horizontal 
distances short, and the steam pipe, when it leaves the 
head of the boiler, instead of dropping or pitching 
downward, runs upward at as steep an angle as pos- 
sible. In this apparatus all the water of condensation 
from the radiators has not only to fall back within 
the steam rising line, but has to find its way back 
through the nearly horizontal main steam pipe into 
the boiler. If the pipes are sufficiently large in diam- 
eter the water will gravitate to the boiler in opposition 
to the steam flowing the other way. 

System No. 1 can be run at any pressure, providing 
the pipes are sufficiently large in diameter and properly 
arranged ; and it is the system commonly used in 
large buildings, both in the case of gravity appa- 
ratus and where exhaust and waste steam at very 
low pressures is used. It is well to add here that any 
of the system of piping just shown, excepting that of 
Fig. 5, which is purely a small house heating appa- 
ratus, will work under exhaust steam pressures 
slightly above atmosphere if the diameters of the 
pipes used are sufficiently large and slight modifi- 
cations are made as mentioned elsewhere under ex- 
haust steam systems. Sj^stem No. 2 is generally used 
in private houses, and in buildings where extremely 
low pressure is employed, and with any of the first 
three systems can be made perfectly noiseless, when 
done with care, and there is rarely any difficulty in 
expelling the air when radiators are used. 

For those not acquainted with the technical 
names of the diflferent parts of a system, and to pre- 
vent misconception, the following explanation of terms 
is given. The same names always apply to lla^ ^aoxi^ 
/?ar^ of the circulation, no matter wbat t\ie ^^«»\»e>m» 
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The word circulation Iiere nieana tlie whole disfcribu- 
tdon of pipe in auy one job or jipparatiis. 

fjTfcc Main Steam or Distribiitiiig Pipe. — The nearly 
orizoiital iive-ateani main, geuernlly neau the celljir 
jiling. 
The Main Return Pipe. — The uearly borizoutal pi]>e 
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on the floor, or tliarealjouts, of the cellar, for carrjiug j 
the ctmr.leiised water back to the boiler. 

The Steam Iiixer,~-T'ii& Terticai pipe which carrieafl 

the steam from the main distributing pipe to the radi-J^ 

p>»tnr connections. 

Tue Return Riser. — The ]>ijie «hit;h carries the con-J 
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(/ensed water from the radiators down to the main 
return pipes. 

The Steam-Riser Co7inection, — The pipe which joIds 
the main distributing pipe and steam riser. 

The Return-Riser Connection, — The pipe which c(mi 
nects the return riser with the main return pipe on the 
floor. 

The Steam-Riser Rdief. — The pipe whicii connects 
the bottom of the steam riser with a T in the bottom 
of the return-riser connection or with the main return 
pipe, generally below the water-line. It carries the 
water which runs down the steam riser into the 
return-riser connection or main return pipe. 

Main Relief Pipes. — Connections between the main 
steam and return pipes, to throw the water carried 
from the boiler, and that condensed in the main 
steam-pipe, into the return main, also employed as an 
equalizer of pressure in the system. 

Hadiator Connections, — The pipes whicli run from 
the risers to the radiators, both steam and return, 
usually no longer than is necessary to get sufficient 
spring for the expansion of the risers. 

Rising Lines. — The steam and return risers take: 
together. 

A Relay. — ^The jumping up of a main steam-pipe, 
with a main relief at the lower corner. This is to 
admit of keeping the main steam-pipe near the line of 
the risers and ceiling, and above the water-line, when 
the main lines are long. 

Pitch—Is the inclination given to any pipe, and in 
the steam mains of a low-pressure or gravity appara- 
tus, it should be down and awav from the boiler so 
steam and water will alwajs flow together (except in 
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System No. 5), and, if possible, tLe pitcli shoald be 
toward the boiler in tlie main return. This is to havd 
the water and tlie steam niu in tlie same direction 
tlirongU tbe pipes, so as to prevent one source of 
noise in an apparatus. 

Water-IAne, — This is the term given to the general 
level of the water in the boiler and throughout th& 
apparatus. In some cases, where the boilers are at a 
r in a subcellar, and the fitter wishes to gain 




OSAVITrCISCULATINO APPARATUS. 9 

prevent siphoning into the boiler. Fig. 6 shows liow 
this should be done. 

It freqneutlj happeos in buildings whete the line of 
the fioor is below the water-line, that there me good 
reasons for not rnnning the return pipe on the floor, 
when a modification of what is shown in Fig. C may 
be used ; the return pipe being hung from the same 
hangers as the steam-main, and immediately below it, 
but raised about as showu before being dropped to 
the fioor at the first available position. Still another 




Rg. 7- 



modification is to trap each return riser with an in- 
verted water siphon hy running the return riser some 
distance below the main return pipe, then rising and 
connecting with it, as sliown in Pig. 7. Wlien any of 
these means have to be resorted to, it would be well 
tohave a pei-cock at their lowest poiuta to >\xai"s ^* 
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water from them in cold weather should they not 
be in constant use, as these water-traps may 
freeze. 

The loop shown at the bottoms of the rising-lines in 
Kg. 7 should be used only with "tivo-pipe work," as 
shown. 

With single or "one-pipe loork" the loops are a detri- 
ment. 

They are used in two-pipe work to secure a slight 
difference of pressure between the steam rising-Une and 
the perpendicular return pipe, so as to force the steam 
air and water in a continuous direction and through 
the coils or radiators, but the loop can do no good in 
single-pipe work, or in single-pipe nsing-lines with 
double, nor is a "water-loop" at the extremity of a 
double main of any service when there are nothing 
but single-pipe rising-lines. Of coui^e the ends of a' 
double main should be connected, that is, the steam 
with the return, but the water-seal does no good, tmless 
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will disappear into the general system and be drawn 
off at the radiator air-cocks. 

The "trapping^' of air in a return pipe is a very 
serious matter, and it is not generally understood by 
the fitter, and rarely looked for by one who is called in 
to tell why some work will not circulate properly. 
The writer did not fully appreciate its irnportance in 
OT erhead mains until quite recently. The air was 
caught in such a manner in a dry return pipe as to 
hold up a section of a large building. 

HOW A BUILDING WITH WOODEN FLOORS IS PIPED. 

The steam-fitter should commence his work in a 
new building at an early period of its construction ; 
and architects and parties paying for the work should 
see that the contract for steam heating be let when 
the mason and carpenter work is let. 

The risers are the first work done in a new buildiug 
constructed in the ordinary way. The architect 
should see that the builder and steam-fitter have an 
understanding at the commencement of the work and 
that the former leaves the proper recesses in the walls 
exactly where the steam-fitter requires them with 
proper regard to the strength of the walls. This will 
save much work to the fitter, and prevent the mutila- 
tion of the walls, and be no expense to the mason. 

When the walls are up, the joists in their places^ 
and the roof-boards or roof on, the steam-fitter should 
then put up his risers. 

If the building has not more than three or four 
floors to be heated, it will answer to rest the risers on 
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a support at the bottom of tlie recess ; but in higher 
buildings the risers should be suspeuded by the 
middle, so that the expauaion may be divided. By 
allowiug the riser to go both up aud down from the 
middle, the steam-titter will be able to get along with 
shorter radiator connections, and will avoid the deep 
cutting of the floor joists in wooden floors. 

The steam-fltter should avoid, as much as possi- 
ble, taking many heaters from the same steam connec- 
tion on a floor, and if it be uiiavoldnble, he should if 
possible bring his return connections into the retaro 
riser some distance apart; or, he should run them 
separately down below the water-line, as it will pre- 
vent one heater from taking the air from the others or 
the return water from opposite directions meeting in 
the same fitting. When this cannot be done an 
enlargement of one size in the return piping when 
tliey come together should be provided so the oppos- 
ing currents of water will not appreciably affect each 
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floor wh«n the riser ib expauded to its utmost ; so also 
witL the rest of the T's, accotilini; to their distance 
from the bottom of the riser. The question of the i 
espaosion will be treated hereafter. 

"With low-pressure steam, the steam risers should 
be large. The general practice with steam-heaters is 
to reduce one size of pipe for eacli floor. This rule is 
not arbitrary ; but as architects' specifications usually 
call for it there can be no objections, provided the 
piping is sufficiently large iu diameter for its work. 

In System No. 1 the return riser is generally oue 
size smaller thau the steam riser, but it should never 
be smaller than J of an inch pipe. 

In System No 2, where many return risers are 
brought down in the same place, a 1-inch pipe for large 
heaters, and a f-inch pipe for small ones, are the sizes 
used generally. A |-inch pipe however will draiu a 
100 square foot beater if there is no great length of 
horizontal pipe. 

When the risers are in place the outlets should be 
plugged up with jtweces of pipe a foot or so in length, 
instead of the ordinary ping, as the latter is often di^'- 
cult to get out when the recess is covered and tlr 
plastering done. 

The risers should then be tested with cold water to 
100 pounds per square inch. This will show if there 
are any cracked fittings or split pipe, and will save 
much time and annoyance when steam is gotten up. 

When automatic air-valves are to be used on the 
steam-heaters, coils or radiators, a |-iuch pipe should 
be run in the riser recess, with an outlet at each floor 

■eceive the air-valve cunuectiou. The lower end of 
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this air aud vapor pipe should be taken to the Dearest 
sink in the basement where auy uQUsnal waste of water 
or steam will be noticed by the engineer or janitor. 

At tins stage of the work, and before the floors 
are laid, the radiator couuections should be ran and 
firmly fastened in th^ir places, making dae allowaooe 
for the thickness of the Boor, the furring on the walla, 
for the plastering, and for the baseboard. The radL 
ator connections are usually run 1 inch or li-inch 
for the steam connection, with a cori'esponduig £ or 
1 Inch pipe for the retuiu, according to the size of the 
heater ; 1^-inch steam-pipe being enough for a direct 
radiator of 150 square feet of heating surface, at low 
pressure. 

When the radiators are threaded right-handed, the 
valves may be left-handed, to admit of connecting, by 
a. rigJd-avd-U/t-litmd nipple between the valve and 
radiator. When the valves are at opposite ends of the 
radiator, however, it is often dilBcult to use right and 
left nipples this way, unless there is considerable 
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When tlie radiators are to be connected by any of 
the foregoing methods, the connections can be 
fastened (but not confined at their ends), so they may 
come in their exact places through the floors. The 
fi'ee ends of the connections should be closed with 
pieces of pipe long enough to come above the floors 
when the latter are laid. The air-pipe should also be 
run at the same time and brought through the floor 
in close proximity to the position the air-valve will 
occupy on the heater. 

At this stage of the work the steam-fitter usually 
waits until the floors are laid, plastering done, par- 
titions set and the basement graded. 

Steam J[/ains.— Nearly all the success of the ap- 
paratus depends on its steam mains, their sizes and hoio 
they are run. 

A heating apparatus has n£ver yet been spoiled by hav- 
ing its steam main^ large ; still there should be a limit 
to their size, to prevent unnecessary expense and to 
keep the condensation and radiation of the distribut- 
ing pipes at minimum consistent with the actual 
requiremnets of the heating surfaces. 

The size of steam mains for heating apparatus ,of 
course, depends on the pressure of steam to be used, 
the distance it is to be carried, the temperature of the 
exposure of the heating surfaces and their extent, etc. 
As it is not my intention here to speak of steam 
used expansively, I shall endeavor to give sizes only 
for the direct return, or gravity-circulation apparatus. 
The sizes of steam mains and other piping for heating 
apparatus of course depend on the pressure of the 
steam to be used, the distance it is to be carried, the 
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temperature and tbe exposure of the beating appan- 
ius aud their extent; aud this applies equally to all 
kinds of heating apparatus whether high pressure or 
low pressure. It is not my iiitentiou however to speak 
here of steam used expansively, but to give sizes, for 
the direct returu of the water of the gravity circulat- 
ing apparatus just described, leaving the sizes of 
mains for steam used expansively to a later chapter in 
the book. 

A well-arranged gravity circulation should be made 
to work at any pressure; for with its heating surface 
properly proportioned it can be made to at least partly 
meet the exigencies of fall, winter, or spring weather, 
by simply carrying a pressure suitable to the occasion. 
To have the water of condensation return directly 
into the boiler, under all comlitious of pressure, the 
main pipes must be large enough to maintain the pressure 
of tbehoiler to loithin half pouml, in ei-ery part of the appa- 
ratus. The water-line of the boiler should be not less 
than i feet from the bottom of the horizontal distrib. 
atiug mains at their lowest part, and that distance will 
only answer in short mains, such as those used in the 
generality of city business buildings and blocks. In 
large public buildings and others, having their boilers 
in out-houses, the difference between the boiler line 
and the mains should be all it is possible to make it, 

A main steam pipe should not decrease in size 
according to the area of its branches, but very much 
slower, and should be rated by the heating surface and 
the distance steam is to be carried. Keither should 
the main at the boiler be equal to the aggregate size 
of all its branches — an espre^isiou very much in vogua' 
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in specifications for steam heating — or the mjuns may 
be unnecessarily large at the boiler. 

Mains which have given the best results leave the 
boiler of suflScient size (calculated from practical 
results), and they are reduced slowly, being pro- 
portionally larger the farther they have to carry 
steam, the friction of the steam as it passes through 
the pipes being the important element for considera- 
tion. 

Were there no friction, there would be no loss of 
pressure, and the water-line would be the same no 
matter how far it was from the boiler. The diameter 
of the pipe and the quantity of steam passed through 
it determines the friction. If the friction in a 1-inch 
pipe, 100 feet long, is represented by 16, the friction 
in 50 feet of it will be 8, and in 200 feet of it it 
will be 32. If the same quantity of steam has to pass 
through a 2-inch pipe, the friction for 100 feet will 
be about 3, for 50 feet 1.5, and for 200 feet 6. 

The friction rules governing this question are: (1) 
friction increases directly as the length of the pipe; (2) 
velocities remaining equal, friction varies about as the 
2.5 power of the diameter of the pipe. 

The area of the cross section of a 1-inch steam-pipe 
is generally taken as unity in the rating of steam-pipes 
for heating apparatus, and the area of a 1-inch pipe 
(in the main at the boiler) to each 100 square feet of 
heating surface is considered the limit of good ordinary 
practice. It has been the writer^s ready method for 
years, and is deduced from the size of the mains and 
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heating surfaces of some of the best heated buildinga 
in the United States, and forms a safe approximation 
vbeu closer methods are not at hand. The method of 
determining the size of steam mains for gravity 
:i|)paratu3 by other methods will be treated in another 
chapter. 

When the main steam-pipe leaves the boiler, it 
should, if possible, be carried high at once, and have 
the stop-valve at the highest part of the pipe, so that 
condensed water cannot lodge at either side of it when 
shut. This will prevent cracking at this part of the 
pipes when the valve is opened. If this arrangement 
cannot be carried out, and the valve has to be nippled 
on the dome of the boiler, or if there are several boil- 
ers, and they have to be made interchangeable with 
regard to their use, there should be a rdirf of large 
size in the main, just outside the valves. 

It is well to mention here that a relief which 
leaves the steam-pipe must be brought into the return 
pipe in a position corresponding exactly to where it 
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of the steam and the water may be in the san^e 
direction. 

A main steam-pipe should not run very close to the 
wall up which the risers go. There should be room 
enough for a riser connection (2 or 3 feet), and wlicii 
the mains are long, and the expansion great, the dis- 
tance should be increased. 

The T*s in the main, for the riser connections, 
are better turned wp than sidewise, as by nippling an 
elbow to them you can get any desired angle, and 
should the measurement for the main be a little incor- 
rect it will assist in making connections. This ar. 
rangement also makes a good expansion joint, if the 
mains have much travel. 

Where * the pipe reduces in size, it is well to put a 
relief in the lower side of the reducing fitting, as the 

water that is pocketed there, 
by the large pipe pitching in 
the direction of the smaller 
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Fig 8^ one, may be the cause of 

cracking and noise in the 
pipe. Some steam fitters use an eccentric fitting in ro 
ducing which brings the bottom of the pipes on t \ 
same line and makes good work. See Fig. 8. 

When it is necessary to have stop valves to tlie 
risers, the steam-fitter often places them in the riser 
connections, with a valve also in the riser relief. This 
arrangement requires three valves, and also stops the 
local circulation and equalization of pressure between 
the main steam pipe and return pipe when the valves 
are closed. Fig. 9 shows this method. 

It is better to use only two valves, when it ca.ti b^ 
ione, one to the steam and one to the lelxxTCu \\^^x. 
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and place them a fewlucbes up the riser, above the 
riaer couDectiou, wliioli brings tlieiu also above the 
ateam-riser relief, saviug a valve and lessening the 
chances for noise in the pipe. It allows the local cir- 
culation to go on between steam and return pipe 
when the valves are closed. This is shown in Fig. 10, 
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no valve. This is shown in Fig. 11. Straiglitway 
valves are best for risers. 

The extreme end of a steam main sUoald be con- 
nected by a rdi^ with tlie main rotnrn, being in fact, a 
coutiuaation of the main down and into the return. 




Stop-valves in main steam-pipes are either globe, 
angle, or straightaway. When a globe valve is usedi 
it should be turned with its stem nearly horizontal, as 
shown in Fig, 12. The reason for this is obvious, when 



we consider that the water of condensation 



in any pipe 



rnns along the bottom of it. When a globe valve is 
turaetl np, as in Fig. 13, the water in the pipe ^laaVo V'eX\ 
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fill it before it flows over tlie valve seat to pass aloi 
ill tlie pipe. But, wlieii tlie valve is on its side, it 
different, for then the. side of the of'enivg of tlie valvest 
is aa low <is the bottom of the pipe. 

Neitlier should the stem of any valve be quite bo 
zoutal wheu it can be avoided. It should be rais 



r 
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)Dg-bos, which makes a coDBtant ilroppiuf^ of water, 
that it is almost impossible to hold with ordinarj' 
fSckiDg, Bub with dry steaiu it cud be held. 

[lobe or angla valves should be so turued iu a heat- 
; apparatus that hy simply closiug the valve to U 



packed, and its corresponding valve in the return, or 
vice versa, and waiting for the steam to cool duwji, the 
stuffing-box or gland can be removed without the 
escape of steam. To do this it is necessary to have 
the pressure side of every paii' of valves turned toward 




the boiler. By the pressure side of a valve is meant 
the uuder side of the disk. 

Main Hetum Pipes. — In small apparatus (up to 
bch steam-pipe) they are usually run on one or two 
tes smaller than the coiTespondiug steam-pipe. 

returns which are below the water-line, or are 
i togive them an artificial watei-liiae, and oon- 
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sequently always full of water, smaller piping will 
generally do, bat good practice has placed it at not 
leas tliau one quarter of the area of the steam-pipe, for 
all couilitious, for apparatus with larger than a 3-incli 
steam-pipe. 

In apparatus with less thau 3- inch pipe, the retarn 
is usually only one size smaller thau the steam-pipe, 
that it may have a practical maguitude, and thus avoid 
the possibility of getting it stopped with the dirt or 
sediment carried to an eibow with the current of the 
water. 

In dry returns — i. ft, which have no water-line — 
there are local steam currents, often going in contrarj' 
directions, the water gravitating toward the boiler, and 
the steam flowing to the heaters and alway in tlie 
direction of least, resistance. This style of return is 
now much used in exhaust steaiu heating and in cases 
where there is no basement it cannot always be 
avoided even in gravity work. One-half the area of 
the steam-pipe has been found, in practice, to give 
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or swinging check-yalyes can be used that practically 
cause no resistance to the flow of water. 

The diameter of the return pipe is sometimes re- 
duced where it enters the boiler, but it must only be 
done with caution and bj one who is acquainted with 
the subject, as the resistance to the flow of the water 
increases much more rapidly than the decrease of dia- 
meter of the pipe. 

Extra strong pipe and fittings should be used in all 
returns and feed-pipes, from where they are tapped 
into the boiler, to outside the brickwork; and when 
they are exposed to the action of the fire it is well to 
cover them with a " slip tube " made of a larger size, 
ordinary steam pipe. 

A circulating pipe is sometimes used in connection 
with a blow-off pipe or a return pipe, starting from 
a point inside the valve and connecting into the rear 
boiler head above the tube-line, but below the water- 
line. 

This is shown in Fig. 14. R is the regular blow-off 
pipe, or it may be the return pipe. S shows the posi- 
tion of the stop- valve and C is the circulating pipe; 
which should have a valve in it. C 1 shows that the 
same may be closed when blowing off or to force a cir- 
culation should a stoppage be suspected in the pipe R. 

A circulating pipe will prevent the burning out of 
the blow-off pipe, so usual inside the boiler walls. 
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RADIATORS AND HEATING SURFACES. 



All raiUatnrs, box coils, flat coils, plate or pipe 
^Tirfaces, arranged to warm the air of baildiiigs, are 
Stealing surfaces. 

The vertical wroiiglit-irou tube radiator, and the 
caat-iroii sectional type of vertical loop radiators, are 
now the accepted 
of flrst-clust) heaters, 
and nearly all man- 
ufacturers have their 
own peculiar style, 
with varying results 
as toefficieucy. The 
steam-litter or pur- 
chaser should use 
great caution in the 
selectiou of radia- 
tors, 
.diator, -t'ig. 15, is of old 




Fig. IS. 



3 common return bend 
style, is not patented, and its construction is simple 
a base of cast-iron. A, being simply a box, without dia- 
phragms, with the upper side full of holes about 2J 
Ehfibes from centre to eeutre, tapped rig\ii-VaiiOLfe4L\ * 
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^^E'pipe, B, for everj liole, 2 feet 6 iucliea or 3 feet long, 
^^P'threaJeJ right aud loft liandeil, and lialf as maiij 
^^ ,-=^ ,—'''"" -^ return bends, 0, 



there are pipes tapped 
left Landed. 

The common manner 
of putting these heaters 
together is to catch the 
right-handed thread of 
two pipes one turn in 
the base, then apply 
the bend to the upper 
and left threads of the 
same two pipes, and 
screw them up simul- 
taneously with a pair 
of ilat-backed tongs on 

each pipe, while a second person hohls the bend with 

a wrench made for the purpose. 

The sectional cast-iron radiators are of many types, 

the principal feature of which is a cast-iron loop or 

section, two modifica- 
tions of which are 

shown in Tigs. 16 and 

16a. Tliese sections are 

joined together at the 

lower ends by screwed 

nipples or by compouud 

tape uipplea, and are 

nsnally reinforced by a 

long bolt running from 

end to end near the 
£op, as shown in Fig. 17. 




Fig. i6. 
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There are a great many designs of this cast-iron 
sectional radiator, and the principal difference that 
exists between them is in ornamentation alone, if we 
except the methods of joining the sections together. 
There are modifications also of the surface of the 
radiators, the object being to increase the condensa- 
tion by the nature and form of the surface. Some are 
entirely plain surface, except ornamentation, and the 
vertical lines are straight ; others have extended sur- 
faces or partially extended surfaces, so that when the 
sections are put together they form vertical air pipes 
between the sections ; others also have pin prejections 
to increase their surface area, the object always being 
to increase the efficiency. 

Experiment has not always demonstrated that an 
increase of surface is an increase of efficiency, in that 
it sometimes shows the reverse, and the radiators that 
give the greatest efficiency per unit of surface are 
those of considerable distance between the loops, 
and have loops of a rather plain design. The effort of 
the manufacturer to-day is to increase the efficiency 
without increasing the floor space occupied by the 
radiator, and, if possible, not to increase its weight 
per unit of efficiency. This results in many forms, 
some radiators being long and narrow, others short 
and wide. 

I will here explain the action of steam entering 
a radiator, as nearly all the patents on the so-called 
positive circulating radiators are to facilitate the ex- 
pulsion of the air and the admission of steam. 

The general impression among steam fitters is that 
when steam enters a radiator the air i» Iotq^cV \3i^ ^\i^ 
con£ned in the tops of the pipes, ^v\uc\i \^ ^^ ^^^'^ 
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when the pipe is siunle, of small diameter, closed at 
the top, and witbout niij of the usual means to get it 
dcwn, altbongh the air at tbe same density is about 
twice as heavy as the steam, and appaventlj should 
tall without assistance. 

When two pipes are connected at the top with a 
bend, or when there is an inside circulating pipe, or a 
diaphragm of sheet-iron slipped into the heating pipe, 
the air immediately gives way and falls in the pipes 
nearest tbe inlet. Should there be no air-valve on 
tbe radiator, tbe air will be crowded to tbe return end 
<if the radiator, and should tbe system be a gravity 
circulation, without an outlet to the atmosphere, it 
will remain in the radiator, impairing its efficiency and 
often deceiving the novice, as it in time heats somewhat 
by mixture and contact with the steam. When there is 
a tbumb-cock or air-valve on the radiator, usually on 
tbe furthermost pipe from the inlet, the air can be 
withdrawn from tbe beater, when the result is quite 
different, the radiator becoming steam hot over its 
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tate the circulation of steam and the expulsion of the 
air. 

No. 2 shows a device (patented) for making a return- 
bend radiator positive. The pockets A A, filling with 
condensed water, makes a seal which at times prevents 
the flow of steam along the base and forces it in a con- 
tinuous stream through the pipes (see arrows in cut). 

Nos. 3 and 4 show cross-section of modifications of 
positive return-bend radiators. No. 3 can be used as 
a vertical radiator only, but No. 4 can be used in any 
position from perpendicular to horizontal, as seen at 
Nos. 5 and 6. 

Single-tube radiators, welded or closed at the top 
with a cap, with an inside circulating device, were also 
luuch .used ; some of them compared favorably with 
the return-bend radiator, but were slower in heating. 

No. 7 shows the first radiator put on the market, 
and one which has survived and is in use at the present 
time. A is the cast-iron base, B the welded tube, and 
C the septum of wrought-iron slipped inside the tube 
and projecting an inch into the base. This heater 
depends on the gravity of the air for a circulation.* 

No. 8 shows another heater of this class which is 
positive in its action. A, cast-iron base ; B, diaphragm 
cast in base ; C, welded tube ; D, inside tube, open 
top and bottom, and screwed into the diaphragm. The 
action of the steam can be seen by the arrows. 

No. 9 shows a fire-bent tube radiator positive in its 
action. 

*This was the original **Nason'* radiator. An improved form of 
this radiator (Fig. i8, on next page) is now on the market, in which the 
bases of the double rows and all wider are perforated at the lower end of 
every tube, to provide for a more free circulation oi lYie ok. 
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23. Caat-irou radiators are of two kinds, plane and 
exlended surfaces. 

Plane Bnrfaces, as the trade nsiderBtands tbera, may 
be either flat, round, or eorrngjited, provided tlie 
coriDg, or inside surface of tiie iron, correepoude and 
follows the indeutatious of tlie outride, as io No. 10, 
Plate I., and in all wrought-irou lieaters. Extended 



I 




surface is understood wlien the outside surface of the 
heater is fiuned, corrugated or serrated, with the 
inside straight, as in Ko. 11, Plate L 

For direofc radiation, where the heater is placed in 
the room, there is little or nothing gained by having 
the surface of the heater extended, and a steam-fitter, 
in calcahitiag the extent oi \i\6 ^ea\i\iag, awclarf^s^ 



RADIATORS AXD HEATING SURFACES. 



33 



should not take into consideration the whole outside 
surface of such a beater unless he gives it some value 
less than unity, the unit being a square foot average of 
plane surface. 

For indirect heating the result, with extended sur- 
faces, is different as compared with shailow plane surface 
coils, where the air cannot stay long enough in contact 
with them to get thoroughly wanned, but presses into 
the room without hindrance. In this case the ex- 
tended surface ^ves a better result, 'houph not l)°cause 
a square foot of the surfaw i;ku inui-mit it- imich heat 
in the same time, but bccau-c u hincici- tlic direct 
of the air, 




breaking it up and 
holding it longer in 
contact with tlif hot 
surface. 

The caat-iron verti- 
cal looj> or sections! 
radiiitor is n qtiiek 
lieiiter, the large size 
.)f the chambers facili- 
tatiug the expulsion of ' = 'j- 

the air. 

Fig. 19 shows the "Bimtlj" ciiat-ivnn hop railiiitor. 
It is a cast-iron base with air apertures thronuli its 
bottom, aud the pipes are double tubes iit dijimniid 
shaped seotiou cast in oue loop and joined to the base 
by a single thread.* 

* The writer witb bis own bands miule (he experimental Bundj radiator 
ia ihe shop of Mr. Chas, Gregg, in 63 i;nd 64 Gnlil Street. Ni 
'"" "1 1869. It was the firsl cast -iron ItKjp riiilialur. 



L _ialhesho| 
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Fig. 20 is tLe " Reed " cast-iron loop radiatiir. 
jasea are apertured for the passage of the air, and 



or. The 1 
air, and 




^ the loops are T7-shaped tubes fastened at each extrem- 

b ity to the base by the assistance of copper ferrnles, 

]pto which the loop is forced by pressure. The bends 



I 



of the loops, at the top, interlock and are confined by 
a rod to prevent disturbance in haudlinfj. 

Fi^. 21 shows the old box coil, the primitive form 
o/aii indirect ratliatnr. 
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Fig. 22 showed tlie first extended siirfiice radiator 
for imlirect work. It ia known as the " Gold " pin 
radiator, each section, for steam use, coutaiiiiug nomi- 
n^illy 10 square feet of heatiug surface. I show these 
two indirect radiators here as the l.iox coil ia the rep- 
resentative of the plain surface indirect radiutfir, and 
the Gold pin the representative of the extended sur- 
face radiator. Tlit-y mv. bolli obsok'tc now, but many 
modificaUons of the "pin" iinlirocl, i'adintor are now on 
the market. 




Fig. 21a. shows a coil of secondary surface known 
as " Gold's compound coil surface," and which was 
used for indirect heating, either as a steam coil or as 
a hotwater coil. It was also made into direct heaters 
in the form of one-inch vertical pipe radiators covered 
with the aecoTidary surface, and inclosed within a 
sheet-iron case, with a register in the top to control 
the heat. 

Fig. 21b shows an inch pipe covered with this 
surface, which is Ko. 14 square wire in the helical 
form, one pound being wrapped on each lineal foot of 
pipe. Ji increases the efficiency ot t\i6 oue-md^ 
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horizoiitiil pipe in condensiug power full three times 
when made into iudirect coils and properly boxed, and 




in vertical radiators of moderate height the efficiency 

is about double what it would be for plaui pipe. They 
arc now obsolete and arc shown for the ideas they 
contain. 




J^, 21c shows the old "Gold" Hat radiator. It 
f^aa the earliest form of sheeVirotv TadiaXoi: m\4- ^wfc 
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first used in private house work in Now Haven, Conn., 
very early in the nineteenth century. These radiators 
are even now found occasionally in old private houses. 
They are made of Russia iron, the edges being seametl 
over on a strip of wood. The daulking is formed by a 
depression in the outer sheet, fastened with washers 
and rivets and the valve is attached by means of a red 
lead putty joint. The air-valve was always placed at 
fhe upper (.ui-ncv Mp[Hisit(; the iiilet-valvc end. 




Of course it is now known that the air-valve should 
be near the bottom of the radiator, since the density 
of air is greater than that of steam. A cold lower- 
comer was therefore nearly always apparent with the' 
air-valve placed as shown. These radiators can be^ 
used only with the very lowest of pressures, abo\)t 
one half poimd per square inch above the atmospheWtj 
Fig. 21f^ shows a modern sheet-iron radiator. These 
mdiators are made of gaWamzed slveet kqu, and they 
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resemble the standard cast-iron radiators, except that 
they are Ughter both in weight and in appearance 
and occupy less floor space for equal heating sur- 
faces. 

The process by which these radiators are manufac- 
tured is probably the most complete and unique in 
sheet-iron stamping and drawing, and to Mr. Kinnear 
is due the credit of this novel industry. These 
radiators are regalvanized inside and outside in the 
process of manufacture, so that all the seams are 
thoroughly sweated. The radiators will stand com- 
paratively-high pressures of steam and they are made 
for hot water as weir as steam. 

They are often electroplated for very fine work. 

The figures, 21d, show respectively the close and 
+he open form of the radiator. 

inch between the sides. They are used in a one-pipe 
apparrtus and are occasionally seen in old buildings. 

Coils are always made of wrouglitiron steam- 
pipe and fittings, and though not considered very 
ornamental, are first-class heaters, and give a high 
efficiency of condensation per unit of surface. 



m 



m 



^ 



Fig. 23. 



Fig. 23 show a flat coil, which is a continuous pipe, 
connected with return bends at the ends^aiid ^l\^^^^ft. 
m^Ii £at iron, or supported on ornament^Y \3\a.GV^\»'^. 
n/sa very positive heater. 
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Fig. 24 shows a niitor or wall coil. It is eoiiiposetl 




Fig. 24. 

of headers or mauifoJd, A A ; steam-pipes, B ; elbows, 
C ; and book plates or rosettes, D. 

There are many modificitions of this coil, and they 
are usually long 20 to 30 feet. One indispensable 
point in the making of this coil is it mnst turn a comer 
of the room, or miter ap on the wall as shown. The 
pieces from the elbuwy to the upper header are called 
apring pieces ; they are screwed iu right aud left, and 
are the last of the coil to be put together. - 

If a coil is put tottet her. straight betweeu two head- 
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cannot do so it will spring the long pipes out of the 
hook plates or force the pipe to strip its own thread. 
The modification of the wall coil, shown in Fig. 24 is 
that used when there is no chance to turn a sc[uare 
comer of the room. A miter is then made in the 





Fig. 26. 



manner shown. When advantage can be taken of the 
comer of the room, however, it is better to turn a 
right angle on a horizontal plane, and in this way let 
the expansion of pipes from both directions be forced 
into the corner. The supports at the corner should 
be placed so that the hook plates of the short side of 
the coil will be as far as possible from the corner, and 
the hook plates and the long side very near the cor- 
ner. This will allow for the movement of the long 
pipe of the coil, as it expands to move towards the 
corner by slipping through its own hook plate, allow- 
ing all the pipes to compensate and equalize on their 
own supports without undue strain, and at the same 
time providing a support very near the corner of the 
coil, which, of course, is necessary to maintain the 
pipes in their proper alignment ; a corner being more 
apt to hang down than a straight run of pipe. The 
movement of the short part of the coil being small, it 
is easily compensated, so that if the support near the 
long pipe is but one foot from the corner, there would 
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be no trouble iu taking care of the espanston of five 
or aix feet of pipe slionid the spring piece (short part 
of the coil) bare that length. 

There are manj- other modifications of the wall coil, 
the particnlars of which it is not necessary to entet 
into here. 




CHAPTER III. 

CLASSES OF RADIATION. 

Heating surfaces are divided into three classes : 
1st, direct radiation ; 2d, indirect radiation ; and 3d, 
direct-indirect radiation. 

Direct radiating surfaces embrace all heaters 
placed within a room or building to warm the air, and 
are not directly connected with a system of ventila- 
tion. 

The best place within a room to place a single radi- 
ator, is where the air is cooled — namely, before or 
under the windows, or on the outside walls. When 
the heater is a vertical tube radiator, or a sliort coil, 
which can occupy only the space of one window, and 
when, as often occurs in corner rooms, there are three 
windows, the riser should be so placed as to bring the 
line of radiators in front of and under the window 
where they will do the most good — as the middle 
window. Or it is better still, when a small extra cost 
is not considered, to use two heaters, and place one 
in front of each of the extreme windows. 

When the room is large and has many windows, the 
heating surface, when composed of radiators, should 
be divided into as many parts as poaaiVA^, Sbudi^ ^^t- 

S7 iQ, 
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haps, as there are wmdows ; or should the owners or 
occupauts object to so many wmdows being partly 
obstructed, divide into half as many parts, and dis- 
tribute accordingly. 

In schools or factories, or bnildiugs witli many win- 
dows, where children or persons ciinnot change their 
positious, but have to remain seated for several honrs 
at a time, care must be taken that the heating surface 
is evenly distributed. A coil run the whole length 
of the outride wall is best, but if any kind of short 
heaters are used, every window, or at least every sec- 
ond window, should have its share of the heating sur- 
face. Should a window be left Unprovided for, it will 
be found by experiment that a cold current of aJr 
will fall down in front of such window and flow along 
the floor in the direction of the nearest heaters. 

The natural movement of the air currents in a room 
with the outside atmosphere the coldest, are always 
down at the windows and outside walls, and up at the 
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is divided into many parts, and placed near the lower 
ends of vertical flues, leading to the rooms to be heated. 

The first of this class — namely, chamber-heat — has 
not always proved satisfactory unless the air is impelled 
with a fan, as it has been found that in windy weather 
it is ahnost impossible to force air to the side of a build- 
ing against which the wind blows, with natural air 
currents alone. With the proper fan, however, this 
method of heating has become the one almost entirely 
used for hospitals and schools and many public build- 
ings. There are many modifications of it, but the scope 
of this book is too limited to show its many phases 
and general application to buildings. The second of 
this class — the individual indirect radiator — does very- 
well for private houses. Of course, the warmth of the 
radiator and the weight (or relatively the want of 
weight) in the column of air in the vertical flue is the 
prime cause of motion. The ordinary method of in- 
direct radiation, is that of having a radiator at the 
base 01 a vertical flue, the cold air being taken directly 
from out of doors and delivered in the room through 
the warm air pipe and register. This method has 
always done well for private residences and whore the 
quantity of air that carries heat into the room is ample 
for its ventilation, as in medium size rooms or oflSces 
where a very few persons only are occupied or engaged, 
it is a good system. 

The indirect heater is usually boxed, cither in 
wood lined with tin or in sheet metal. The former is 
best when the cellar is to be kept cool, as there is a 
greater loss by radiation and conduction l\viou^m^\s\ 
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cases; otherwise metal is best, as it will not crack, and 
when put together with small bolts can be removed to 
make repairs without damage. 

The vertical air duets are usually rectangular tin or 
galvanized iron flues built into the wall when the 
building is going up. Sometimes, however, they are 
only plastered in the rough, and sometimes lined with 
tile, but the smooth metal lining with close joints gives 
much the best result in all cases, and in the case of 
outside walls it is ■ necessary that the flue should be 
lined, as the passage of air and loss of heat through a 
masonry wall is very great; moisture also playing a 
considerable part in destroying the efficiency of the 
flue in damp weather, 

A 12"X12" flue in a wall will deliver between 
10,000 and 15,000 cubic feet of air in an hour to a 
room on the second floor of an ordinary house, if it has 
easy bends and is not too much obstructed by the 
radiator or register, and about one-half that amount of 
air will be delivered under similar conditions to the first 
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should, if possible, face the same way as the room to 
be heated. By this means, when the wind blows 
against that side of the house, its pressure is into the 
cold air duct, and materially assists the rarefied column 
of air in the vertical duct in forcing its way into the 
room or house. 

Often the steam-heater uses only one large branched 
cold air duct. This system may give trouble unless 
the trunk flue and branches are carefully proportioned. 

The steam-fitter should not undertake a job of 
indirect heating unless the building has been arranged 
especially for it, with some efficient system of flues, 
sufficient to change the entire air at least once in an 
hour. 

Frequently designers make no provision for drawing 
away the cold or depreciated air. Such rooms cannot 
be warmed satisfactory by indirect heating. When there 
is a chimney, the heated column of air in the vertical 
hot air flue is generally sufficient to force its way into 
the room in quantities sufficient to warm it, even though 
it may not ventilate it to any considerable extent. 
Of course there is always some ventilation when the 
air is the vehicle of the heat. 

An inexpensive good method to make foul air flues 
draw is to connect them all to a annular flue, around 
the boiler chimney flue. The designer should always 
keep this in mind. 

A good rule is to have the warm fresh air flues near 
the outside walls, but not in them, and if possible, 
they should discharge near or across the windows. 
Foul air flues should be in the inner walls, and have 
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an opening near the floor and ceiling, with renters, to 
allow the occupant to use either or both, as he thinks 
proper. Usually the lower vent is without means of 
closing it. 

The velocity of the air in heating flues with only a 
natural draught, rarely reaches 8 feet per second, no 
matter what the condition; and 2 feet, 4 feet, and 5 
feet respectively, are fair averages of velocitira for 
first, second, and third floors of a house. Of course 
when the doors of the rooms are shut and there is a 
systematic arrangement of vent flues to the top of the 
house, the velocity of the draught for the short heat 
flues is considerably increased, as under such condi- 
tions the combined effort of both heat and vent flue 
tends to accelerate the current of air in the wann air 
flue. 

Direct-indirect radiation embraces all heating sur- 
faces placed within, or partly within, the room to be 
warmed, in direct connection with some system of 
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flue or foul air outlet ; G, fcesli air mixing with tlie 
itiv ijf tlip room ; H, uii- u/ the ruum [uissiug aloup the 




fioor to the heater ; /, a percentage uf the air in the 
room passing off by the ventilator. 



i 




18 a modification of ilirect-mdirect radiation 
eStea met with, hai where with gooil success aotii'ft 
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of the heal heat is employed to exiiaust or draw oat 
the vitiated air of the room and draw in the fresli air. 
The arrows show the supposed general action of the 
air currents within such a room. A is a. section of a 
radiator built with a sheet-iron flue, B, between the 
tabes, and passing through a hole, cored in the base 
of the radiator which connects with the register in the 
floor, and a foul air flue in the wall. This system 
might be used to advantage in schools where a fan 
cannot be employed. 

Some of the radiant heat, etc., A, warms the sheet- 
iron flue, B, which in turn warms the air within it 
causing an acceleration of the current in the foul air 
flue, and consequently drawing an equal amount of 
fresfi air in at the opening, G. 

la estimating heating surfaces, for direct^indirect 
heating, it is well to use about once and a half aa much 
as would be used for direct radiation alone. 

There is this further distinction between the three 
systems of radiation ; Direct radiation warms only the 
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large rooms with very high ceilings, or large auditor- 
urns, as churches, schools, theaters, or assembly 
rooms of any kind, that they are not always satisfac 
torily heated, as it is difficult to warm them by in- 
direct radiation alone, unless there are many registers 
placed before the windows, or the apparatus is sup- 
plemented by direct radiators, placed where there 
will be strong local currents. 

Heated air from a few large registers in a very large 
room goes directly to the ceiling, and fills the room 
from above, expelling the same amount of air through 
the ventilators. If the building had no windows, 
this would probably answer ; but as buildings have 
windows and outer walls, which cool the air rapidly, 
there will be a falling of air in front of the windows, 
etc., which has not been pressed down by the warm 
air above, but has fallen of its own gravity, by losing 
its heat from contact with the cooling surf ewes of the 
building. These downward currents, having nothing 
to neutralize them, pass over the heads and shoulders 
of the sitters and go cold along the floor on their way 
to the ventilator, or to an ascending current of warm 
air, caused by the heat given oif from the bodies and 
lungs of the audience or any other cause. 

This is why people in churches and theaters suffer 
from cold backs and feet, and sometimes have a cold 
current on their heads, which makes them certain 
" the window is open a little ; " though a thermometer 
near by marks 70 degrees, as the thermometer is prob. 
ably not in the cold current and will not take note of 
draughts anyway. 

If a building must be heated entirely by indirect 
r&diationj it is well to use as many Tieat te^'a^i^^^ ^^ 
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possible, aud place tbem m front ol tlie windows, or 
where a cold current is likely to come dowu. 

Usually in office rooms, and ordinary rooms in resi- 
dences, one register iu tlie coldest part of the room 
ca,Q be made to answer ; but if the room is large, with 
many windows, more should be used. 

Figs. 29 and 30, perspective elevation and section 
respectively, of one of the indirect radiators as arranged 
in the Cambridge Hospital, in the early days of the 
"switch dampers," and show the arrangement of the 
air-inlet pipes A, mixing valve D, hot-air pipe H, and 
register-box R, within the wards, as well as a section 
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by a register-face and frame. Aa the air enters 
through A it cau be made to pass either uuder and 
through or above the heatiug-surfaces of the radiator 
by meauK of a sliding damper, D, or the air-curreut 
may be divided by placiog the <lamper iii a utuily 
central position, allowing some of the air to pass liac-h 




Kig 30- 



way, thereby regalatiug its temperature without re- 
flacing its volume. The upper end of this damper in 
connected by a chain with a pull-and-stop mechanism 
n-ithiu the ward, so th;it the attendant can reguhite 
the heat of the air without leavinj^ the room. The 
apparatus is called a " luixing-valve." This modifica- 
tion was selected, as it embodied tlie ide8.% ol Tlx. 
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Wyman, & well-known writer on ventilation ; but more 
modem examples will be given elsewhere. 

It will be seen tliat tlie dampers in the cold air 
inlets are not automatically regulated. They are 
Bometimeu so regulated to prevent the freezing of the 
coils ; but when the ateam and return pipes are suffi- 
ciently large coils, are seldom frozen, for when steam 
ia up they cannot freeze, and when steam is not up, 
there is no water in the coils to freeze, for it has sub- 
sided to the water line level, which should always be 
a safe distance below the coils. Only an apparatus 
with small diameter pipes and parts will freeze, unless 
the coil is too close to the water line, or partly below 
it. 

Indirect coils should never be shut off in very cold 
weather. If the room is not to be heated, close the 
registers and inlet ducts. The closing, or partly 
closing, oE a valve, may freeze a coil, by interrupting 
the circulation. The closing ol one valve and the 
leaving open of the other is sure to freeze a coil if ex- 
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resistance and rather low velocity. The flues, in like 
manner, have to be of ample area, 3 to 4 square feet 
generally being necessary for the average school room. 
The indirect radiators are built on I beams and enclosed 
in brick walls, though some times galvanized iron is 
used. Brick walls or expanded metal chambers of large 
size should be encouraged. They permit of inspection 
and changing. Cold air is admitted at the bottom of the 
chamber, where it may either pass upward through 
the radiator and through the switch " S " into the hot- 
air flue and thence to the register in the school room, 
or it may pass through the lower openiug into the 
same flue when the switch valve ** S " is closed. At 
" Q " on the wall in the school room is a quadrant 
operating a rod which works a lever that connects 
directly with the switch valve " S " by a chain. "When 
the switch valve is in tlie position shown by the full 
lines, entirely warm air is passing to the school room. 
When the switch valve is in the position shown by the 
dotted lines, cold air only can pass into the school 
room, but when it is put in any intermediate position, 
cold air from below the radiator and warm air from 
above it meet and mix in the flue, and pass as tempered 
or "mixed" air into the school room. 

This is the usual method now of securing variations 
of temperature in the school rooms, without interfering 
with the quantity of air to be admitted in a given time. 
Details of construction are shown by the drawing. 



CHAPTER IV. 

HEATING SURFACES OF BOILERS. 

The direct Iieating surface of a. boiler (the dre 
box or crown sheet), has a value several times greater 
than the indirect surface (Hue or tube surface), but 
the shape of the furnace, its size, and the augle of the 
heatiug surface, as well as the leugtli, size, aod position 
of the flues, give a greater or less value to the indirect 
surface ; these values, of course, are only comparative. 
Id coQstructiug boilers for beating apparatus, au 
effort should be made to have the greatest possible 
amount of direct surface, with sufficient indirect surface 
to properly cool the gases of combustion. 
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put too high a value on what is termed direct heating 
surface, in contradistinction to indirect or flue surface. 
A square foot of surface in a fire-box of ordinary con- 
struction has 2i to 4 times the value of the same area 
of average tube surface, but they should not convey 
the idea that by increasing surface near or in the 
fire-box and decreasing the tube surface near or in 
the direction of the chimney in a threefold proportion 
to the increase in the fire-box, that they can evaporate 
as much water with the decreased surfac(»s. Makers 
of cast-iron boilers often make this claim. When a 
fire-box or furnace is large enough for proper com- 
bustion, its surface is then receiving all the radiant 
heat there is. By increasing the surface directly ex- 
posed to the action of the fire (beyond the required 
chamber for combustion), it will be necessary to have 
the surface of the fire-box as a whole more remote from 
the fire, and the radiant heat from any source has its 
effect decreased, directly as the surface which absorbs 
it. Extended surfaces are little or no good on the fire 
side of the furnace. 

From a central point of heat the rays diverge on all 
sides, and the intensity diminishes inversely as the 
square of the distance^ which will be found to be directly 
as the surfo/ces of different sized spheres, which might 
surround it. The value of the heating surface (for 
radiant heat) decreases for each unit of distance, in a 
geometrical progression ; in other words, twice the 
distance, one-quarter the heat. The above can be 
Ukened to the fire in au upright boiler. 

In horizontal boilers, or boilers with long fire-boxes, 
or ones fired within horizontal cylindrical ixxiu^c^'^, 
the &re can be likened to a long column oi \\ea\.^ lYo\a 
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which the lays go off parallel to each other id the Hue 
of its length, but diverge in a line of its cross section ; 
which will give a progression whose ratio is 2 as the 
decreased value of the surface for each distance it is 
removed from the fire ; in other words, twice the dis- 
tance, half the heat. But in any case, the assertiou 
that the intensity of radiant heat decreases directly 
as the surface which absorbs it will hold good for 
any shape of fire or any shape of furnace, and bang- 
ing tubes, projections, or corrugations in a fire-box 
receive nothing from the radiant heat that would not 
be received by the plain surface ; so, although a 
person may take 4 foot of tube surface away, and add 
one foot to the fire-box without perceiving they lost 
anything, yet they cannot, in a boiler that is already ^ 
furnace, and 4 ^^^s, whose gases of combustion escape 
at a sufficiently low temperature, take away all the 
flues, or a large percentage of them, and by adding 
i of their surface to the fire-box, makes as much 
steam. 
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rapidity witli wliich they choke, the neaiDess of the 
tubes allowing the dirt to bridge between them. 

A maximum of fire-box with a minimum of flues is, 
however, proper, and should be the rule in house 
heating, where there is generally plenty of room in 
the cellar. 

If the surface of the fire-box be increased by 
projections or corrugations, for the purpose of an 
increase of surface in contact with the highly heated 
gases of the furnace, the folds should be large and in 
vertical rows, so nothing can find a lodgment on them. 
The boilers which have given the best evapora- 
tive results, as well as the least trouble, and lasted the 
longest, have been the simplest, and the evaporative 
results of a boiler depend more on the care with which 
they are kept clean, and the unimpeded circulation of 
the water within them, than on any pecvliar disposition 
of the heating surface. 

Large boilers, compared to the work, are most eco- 
nomical, but the limit is hard to fix. There are so 
many conditions to be taken into consideration, as 
well as styles of boilers, and as it is really the size of 
the grate and the velocity of the draft, compared to 
the work to be done (after the boiler is large enough 
to make sufficient steam), which regulate the economj^ 
. hence a sufficiency or reasonable excess of boiler with 
the proper grate surface to burn the fuel required accom- 
plishes the most satisfactory results. 

A boiler that may do fairly well for the first year 
may not give satisfaction the second year. Such will 
be the case with boilers barely suflScient for the work, 
which, while they are clean and the person in charge 
of them has a pride in doing well, will pas>s mM^\.^\\ 
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but during the second year, when the novelty has passed 
off, it may be quite different. Complaints may be 
heard, and one investigating a steam-heating apparatus 
with a view to putting it in his house may be apt to 
reject it should he inquiiT no farther. 

In proportioning the size of boilers for heating 
apparatus all ealeulations shoulii be based on the sup- 
position that the boilsr will be neglected to a certain 
extent, and that there are parts of the best boilers 
which cftiiuot be properly cleaned, and that all boilers 
deteriorate iu trans missive power (the gravity return 
least of all, as the return water is pure) more rapidly 
at first, until a point is reached where external 
deposits fall off, after which the impairmeut is slow, 
and caused only by slight deposits on the inside, 
chiefly oxides, which have a high transmissive power 



Can a boiler, it may be asked, be robbed of its 

heat by the gases of combustion, by retaining them 
too long in contact in passing through long fines ? 
Not if they are internal tubes or fines ; but there is a 
point beyond which there is no gain — namely, where 
the temperature of the gas and the steara becomes 
the same. Up to that point the gases of combustion, 
being the hotter, impart heat to the flue, but beyond 
it neither the flue can impart beat to the gas nor the 
gas to the flne, as they are of the same temperature. 
Boilers, when they are new, should have some such 
point, which simply moves nearer the chimney as 
they become old and dirtj. 

The rate of combustion will also give this point a 
variable position, for the time being. 
Some engineers think it preieraWe Vs let the gases 
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of combustioQ escape at a higher teiuperntiire than 
the steam. In that case the poiiit can he assumed to 
represent any constant difference of temperature of the 
giia above the steam. 

Reverberatory, or Jrop flues, in upright boilers, 
save much heat. A cause of loss of heat, iu upright 
boilers (and possibly in mauy other boilers), which 
have a great mauy tubes, mauy more than the aggre- 
gate area of the chimney, is that the heated gases tiud 
the tubes directly over the tire and pass out rapidly 
at a high heat, of their own gravity, leaving tlie gas in 
the outer rings of tubes iuert, as may be seen iu 
almost any upright boiler, where the tubes of the 
outer circles are generally found clogged with dirt; 
the velocity of the draft iu the middle tubes keeping 
them comparatively clean. But when there is u row 
of drop tubes, as shown iu Fig. 37, or a flue built 
around the outside of the shell of the boiler with 
brickwork, with the chimney flue leading from the 
bottom, as shown in Fig. 36, the gases are then draion 
out or "exhausted" by the heat iu the chimney; and 
the gases around the upper part of the boiler become 
uuiform in temperature, aud stratify, the lowest being 
drawn off first, and the others following according to 
their temperature. 

When combustiou is good, and the gases as they 
leave the boiler aud enter the chimney flue have not 
too high a temperature, the ivater within sitch a hoiler 
lias absorbed aU the availoMe lieat ; hence, to increase 
the surface of such a boiler, will not do much good- 

less the grate surface is also increased ; since all 
beat evolved has beeu absorbed. 

XoTE.—Figs. 36 and 37 are in CbapUi VI, 






62 STEAM HEATING FOR BUILDINGS. 

Will tlie quantity of water within a boiler effect 
evapo ration ? 

Many steam heaters and others use boilers com- 
posed of very small parts, so as to have the greatest 
surface with the least water, with a view to evaporate 
more water iu a given time, and cite the time hettoeen 
starting the five and the time steam ts up as a proof of 
it. This is a mistake ! The reason why steam is got- 
ten up quicker, is because there is less water to beat 
to 212° before steam begins to make, bat beyond that, 
the result, with regard to steam making is the same, 
for the same surface, other things being equaL 

What is gained in first time, with sensitive boilers, 
is more than compensated for, in house heating, by 
having boilers which contain a large quantity of water, 
that hold their steam when a new fire is put in. 
Boilers which contain small quantities of water are 
rapidly chilled, as well as rapidly heated, and must be 
fired often, and regularly. 

Fire engine boilers require to be sensitive, and 




CHAPTEE V. 

BOILERS FOR HOUSE HEATING. 

BoiLEBS for heating apparatus should have very 

few parts, and be as simple as it is possible to make 
theniy every part of them being constructed with a view 

to permanency, and parts that wear out more rapidly, 
such as grates, should be so arranged that they can be 
renewed by the most inexperienced person. 

Requirements for house heating boilers are : 
1st. They should contain a quantity of water above 
the safe line sufficiently large to fill the pipes and radi 
ators with steam, to any required pressure, loithout 
lotoering the water enotigh in the boiler to require an addi- 
tion when steam is up. Should it be necessary to put 
additional water into a heating boiler, because the 
pressure has gone up and some water has disappeared 
from the glass, it will be found there will be too much 
water in the boiler when the steam falls again, making 
it necessary to take water from the boiler to prevent 
flooding. This is bad practice. It occurs in boilers 
made with very small parts or pipes, which have a 
small capacity. Should such a boiler have an automatic 
water feeder, set for the true water line, it will fill 
up, but it cannot discharge the water again when the 
steam goes down; while if it has no feeder, there is 
danger of spoiUng the boiler for want of water, as too 
great a proportion of the water is in the pipes in the 
form of steam."^ 

* For the quantity of water necessary to fill the pipes with steara. at 
anj^ pressure, at a maximum density, see Table 13. 
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2d. The fire box is better made of iron, with s water 
space around it, as in upright or locomotive boilers, 
to prevent clinkering on the sides and the necessity of 
repairs to brickwork ; which are unavoidaMe in brick 
furnaces. 

3d. The fire box should be deep, below the fire 
door ; to admit of a thick fire, to lust all night, and 
thus keep np steam for a long period. 

4th. The fire-box should be spacious, for the sake 
of good combustion. 

5th. The flues and tubes should be large, and in a 
vertical position, so they will not foul easily, and that 
any deposit may fall to the bottom or into the fire. 

6th. The heating surface should be great in its 
diameter instead of in the direction of the chimuey. 

7th. They should, if possible, be constructed ot such 
shape and design that they will require no sweeping, 
or cleaning, other than removing the ashes, but when 
it is unavoidable, every facility should be made for 
easy access to such parts, as they are often operated by 
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to close uir-tiglit, so as to be capable of entirely damp- 
ing the fire. This will prevent the possibility of coal 
gas escaping into the house. The damping of a fire 
by shutting off its supply of air, is the proper way for 
!i(>use work, as the draft of the chimney being unim- 
paired, it draws all the harder on any crack or crevice 
in the brickwork, causing an inward current, which 
entirely precludes the escape of gas into the house. 

11th. The perpendicular height of the boiler should 
not be too great for the cellar, or the water line will be 
too near the main pipes or radiators. 

12th. A boiler should be so enclosed in brickwork 
or asbestos or magnesia coverings as not to perceptibly 
raise the temperature of the cellar in which it is. 
This also makes the whole outside of the boiler heat- 
ing surface if required, by having either an upward or 
downward flue.^ ' 

When upright boilers are constructed with drop 
tubes, as shown at a', Fig. 37, or with drop flues, as 
shown in Fig. 36, it is generally necessary to use a 
direct smoke pipe as well as a bottom pipe, as shown, 
in which case an upper damper is required and possi- 
bly it is better to have a lower damper also. The two 
dampers should be connected at right angles to each 
other by a rod, as shown at i, Fig. 37, which pre- 
vents the possibility of having both dampers closed 
together. 

In upright boilers for house heating, the pro- 
portion of fire-box to the flue surface admits of almost 
any modification, as the boiler can be made of large 
diameter, with short tubes and high fire-box drawn in 

* Asbestos lined jackets of iron, or other suitable jackets 6f refractory 
materials, may take the place of tlie brickwork. 
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at tlie bottom with dead plates, for the desired size of 
grate, or drawn iu as sIiowd in Fig. 35. 

Horizontal multi-tubular boilers admit of very 
little modification; a large diameter, with short shell 
and large tubes being best for slow combustion, with 
a considerable distance between the grate and boiler, 
and no bridge-wall higher than is sufficient to keep 
the fire ou the grate. 

A chamber behind the bridge-wall is not of any 
particular service, when the bridge wall is low; and 
making a contracted throat, at the bridge-wall, or 
behind it, to make the heat ■" hug" the boiler, is a 
mistake. What is wanted in the furnace, and under 
the whole length of the boiler, is space sufficient for 
complete combustion. Below a certain size of cross 
section combustion is intertered^with, and-the oxygen 
which passes through the fire will not combine with 
the carbon, but with ample space ignition will be con- 
tinuous until combustion is complete with a sufficiency 
oi oxygen, where the toniperaturc in not bolow (800°) 
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of brick, may be used as an argument again.it a large 
fire chamber; but the loss through a well-made brick 
wall by infiltration of air or by ra<iiation is so little that 
it will not offset the benefit due to complete combustion. 

Figs. 47, 48, and 49 show a horizontal multl-tubuhir 
boiler, as ordinarily set ; 47 being longitudinal sec- 
tion, 48 half front and half cross section, and 49 dour 
plan.* 

The different parts of boilers and their settings 
hare technical 
names, applying 
to the corres- 
ponding parts of 
all boilers, as 
far as the con- 
struction will 
permit ; the 
shape, some- 
times, modifying 
the name, and 
increasing or les- 
sening the parts. 
As an example, a 
rdumfive boiler, 
and a drop-retum-jlue boiler are shown. {Figs. 32 and 
33). 

The return-flue boiler can be used as a stationary 
or marine boiler with or without a water-bottom; the 
drop-return being generally constructed for stationary 
boilers, as it has no steam chimney, and the smoke 
connection is a sheet-iron breeching, 

ler am) setting, shown iu Plate 2, are bellei 




Fig. 32. 
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Tlie following are the names or principal divisions 
of a boiler, and similar letters appl; to similar parts 
in Figa. 32, 33, 47, 48 and 49; 

A. Boiler-shell. 

B. Steam-dome. 
(J. Boiler heads. 
C.Fiue sheets. 
D. Tuba 

F. Flues. 

G- Back connection. 

H. Front " ot smoke connection. 

J, Smoke " 

J. Furnace, or tii-e-boz. 
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U. Front-bearer. (See Fig. 47.) 

V. Back-bearer. (See Fig. 47.) 

TF. Division, between front connection and fire-box. 

(Fig. 47). 
X. Boiler-frontSy cast-iron. 
y. Side walls. 
Z. Lugs. 

The division between furnaces, and the sides of fur- 
naces, are called "Legs "in fire-box boilers. 

The same letters apply to the corresponding |>i*iCS 
of the horizontal boilers, Figs. 47, 48, 49. 



CHAPTER VI. 

FORMS OF BOILERS USED IN HEATING. 

Che conditions required for heating boilers, which 

are of such proportions that they may be fitted up to 
work automatically, are simplicity of construction, 
durability of parts, aud ordinary economy in firing. 

A source of danger to the auceesa of the young 
ateam-fitter and to others inexperienced in steam-fit- 
ting, is their endeavor to construct ideal boilers, 
which usually prove to be failures. It is far better to 
use boilers proved successful by others, and improve 
their weak points from experience with them. Sue- 
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shown ; the center part of the grate only 1ms opeuiugs. 
The brick-work is very simple, and is built arounJ the 
boiler, leaving about a three-inch space tor a flue, and 
the smoke pipe is taken out at the bottom. It does 
not rate very high in point of economy of fuel ; but it 
is very easily kept clean, and lasts a long time. They 
are now seldom seen. 

Fig 35 shows an upright boiler (multi-tnbular), 
aich is drawn in at the lire-box, to the size for the 
grate. This dis- 
penses with the an- 
nular dead plate, 
and makes a very 
permanent piece of 
work. Tills boiler 
is set to carry the 
beat, when it leaves 
the tubes down one 
side of the boiler, 
and up the other, 
passing under a sep- 
tum of iron, or a 
division wall, which 
may be ruu very 
near the boiler, but 
Fb8 not to press against it. When the tubes of this 
"boiler are not smaller than two and a half inches, or 
longer than three feet, and nothing but bard coal is 
used, it will require cleaning but once a year, provided 
there is no leak in the fire-box, or about the euds of 
the tubes.* To clean the boiler, — remove the cover 

g Uuch mcMsture causes the fine while ash, which comes froin liatd 
phaice oa the beating smfaces. and should be ptMetocd. 
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a', and use a steel wire tube briisli. The cover a' is 
oovered with abeatoa or magnesia on the top, and in 
the apace c, arouad the top, to prevent radiation, or 
danger from lire. It will be noticed, this boiler is 
set on ii cast-irou plate, to give it stability. This 
plate is move satisfactorily made in two parts, and 
bolted together, which will prevent the heat of the 







fire from cracHng it, after it is set. The grate is 
here shown, a little higher than it is asnallj set ; but 
it would be well to keep it aa high as the rivets. 

Fig 36 shows the ordinary upright boiler, set for 
heating. It has a peculiar steam dome, as shown, 
which prevents an excessive heat on top, and it is 
fwaied slightly superheats t\iB Btfto.m, \\. 'A'e^ 
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has an ash-siftiug grate below the regular grate 
which savea much duat in the manipalatlDg of ashes, 
and preveats the grate proper from burning out 
rapidly. 

The fortn of dome shown here prevents the cleaning 
of the boiler tabes except with a steam blower. The 




connections betweeu boiler and dome have also to be 
of very large diameter, and circulating pipes — not 
shown — are necessary to take the condensation or water 
carried into the dome back to the boiler. Y/hen they ' 
are omitted the water carried into tbe doiae ia n&trvfe^. 
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over iuto the heating pipes, and much noise iu the 
apparatus is the lesalt. 
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a center line, auj Fi*;. 38 a, half cross-section, to show 
the walls and tubes. In FJg, 37, FP is tlie fire-pot, or 
dead iilate ; J^, the fire-box or furnace ; G, the ^rate ; 
H, a bar set iu the brickwork of the ash-pit in such a 
way it may be removed to put iu a uew t;rate, aud into 
which the grate is pivoted, a certain distance below 
the edf^e of the fire-pot, to admit of ahakiuj; aud cleao- 
iu{^ from the bottom. The amount of opeuiuff ia 
regulated by washers on the pivot of the grate, to suit 
the size of coal used ; 0, the direct tubes ; a', the re- 
verbevatory tubes ; J, the bottom plate ; A' the cover ; 
L, the direct chimney flue ; M, the bottom or drop 
chimney flue. 

In point of economy of fuel, probably there is no 
house-heating boiler stands higher than this, if prop- 
erly proportioued, and in permanency it is fully equal 
to any wrought iron boiler used; besides, it is uot 
difficult to clean. It will be seen that all the flues are 
internal, aud if the gases of combustion cauuot impart 
any heat to the boiler, after cooling to a certain 
degree, tbey cannot abstract any from it, as happens 
iu external flues, when the gases cool to the tempera- 
ture of the ateam or below it, by an admixture of air 
through the brickwork before reaching the chimney. 

It is also au excellent boiler where light power is 
desired, in which case the tubes may be of smaller 
diameter than would be used for heating, and longer, 
to suit a higher rate of combustion. 

When upright boilers are enclosed in brickwork, 
the outside is usually built square, to suit the door 
castings, and for appearance ; but the inside is gen- 
erally built romid, three or four inches from the 
boiler, to make a Hue or au air space, AR\i\a\i 'w'Wi. "Sift 
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tlie same distance from tlie boiler at every part. A 
wall so built geuenilly cracks iu the tliimiest part, 
wliich makes it uecessiiry to build tlie wall square 
inside aud outside, as sLowu with cleaning doors at 



Fig. 39- 



Ioomers. The iiifilteration of air throuRli the walk of 
brick-set boilers is a great source of Irms. 

When wrought-irou boilovs are coii8tructnd for low- 
preasare heating, have tliem 'buiYt \MBi. "iiie waaa »fc 



^ 
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if tliey were intended to carry tigh steam, taking care 
the leg, the part formed by the side of the fire-box, 
and the shell, is properly stayed with socket-bolts, or 
stiiy-bolts, as boiler-makers often show a disposition 
to leave the legs unstayed, when they know the boiler 
is for very low pressure. 

Fig. 39 represents this boiler when set and fully 
fitted with the necessary self-acting appurtenauces. 
A is the main steam pipe, which must be run for no 
other purpose but to distribute steam to the heaters • 
Bj the safety valve, with its auxiliary diaphragm ; C\ 
the draft-door regulator (the pipe carried up iuside 
the brickwork) ; 2>, the fire-door regulator, which is 
not absolutely necessary; but it is well to have, in 
case anything should prevent the draft-door from 
closing ; E^ the automatic water regulator, whose con. 
nections should not be a branch, from any other pipe 
— nor should they be branched for any purpose ; F^ 
the main return pipe, which should have no valves in 
it, unless there are valves in the main steam pipe to 
correspond. When there is but one boiler, it is gen- 
erally better to dispense with valves in steam and 
return pipes at the boiler. G, the gauge cock, which 
for cleanliness may have a drip-pan under it, con- 
nected with the ash-pan ; H, the blow-off cock, which 
in a heating apparatus shmild never he connected directly 
loith the sewer or drain, but should be a lever handle 
cock over a funnel, as shown, to ])revent the possUnlity 
of water passing out of the boiler without the knowl- 
edge of the person in charge. The funnel can be re- 
moved when not in use. /, the fire-door, on a good 
slant, so as to form a sLiite for the coa\, awd Vo c\v^^^, 
without A. latch; J, the draft-door, au attac\\m^\i\» \»o 
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through the flues E and agaiu returning to the rear of ' 
the boiler through the fliiea F. Tlie boiler is usually 
1^^^ enclosed iii brickwork as shown. It is a tjpe of 
^^^Uniler that can be used for power when the pressures 
^^^nre not very high, as well as for heating, 
^^m The boiler shown in Fig. 42, made by the same 
company, is a later type of this boiler which does not 
require a brick setting. It is somewhat low in heating 
surface as compared with its grate surface — a fault 
in many of the earlier types of cast-iron sectional 
boilers whose sections fit closely together. This will 
be noticed in comparison with the "Mills" and the 
"Gumey" boilers, which have a high rating of heating 
surface as compared with their grate surfaces. As will 
be seen, there is a special front section with fire-box sec- 
tions and a rear section all connected with the steam 
drum on top and with the return water drums on each 
side of the bottom. The course of the flame and flue 
gases are shown by the arrows. It is furnished with 
Bhaking grates that cut up the clinkers. When the 
boiler is put together, it receives a coat of plastic 
asbestos cement which clinches between the tee bars 
T, making a permanent and smooth finish. The illna- 
tration is so good that other details of construction 
can be understood without further explanation. An 
earlier type of boiler somewhat like this, but which is 
not shown, was the " Gold " cast iron boiler. 

Another type of sectional boiler that is connected 
■with headers in the manner juat described is the Gur- 
ney, shown in Fig. 43 and 43a. It differs very mate- 
rially from all other cast-iron boilers by having its prin- 
cipal heating surface composed of horizontal circulating 
/oojos. A hop very similar to the Bundy radiator loop J 
if screwed into the intennediate becWqcb, as %\vo-mvm*CQfc I 
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centre of Fig. 43a, ^ving a very large quaDtity ot heaf^ 
ing surface in a comparatively small space. A iiiodi- 
iication of the same boiler is made circular in two sec- 
tions. They are made by the Gurney Heater Mfg. Co., 
of Boston, 

As an illustration of what may be done in a single 
casting, or almost a single casting, we show the boilere. 
Figs. 44 and 45. Fig. 44 is a boiler made in two parts, 
known as the Cottage. Fig. 44 shows the several sec- 
tions and also the arrangement of the parts, including (lie 




Fig. 44- 



grates, fire surface and flue passages. The upper pan 
forms the boiler proper made in a single casting. The 
flue gases pass backwards and npwarda and forward 
through the two side fines, and return to the rear 
again through the centre fine. The mid-section shown 
in the illustration, forms a water leg about t\\e &.Ye,a.\vA 
the boiler proper and the water leg ate jciio.eito^'e.'Ociei 
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ip nipples. Fig. 44a shows the general appear- 
ance of the boiler when set up and used for steam. 

Pig. 45 shows a vertical water tiibe boiler made bj 
the Guruey Heater Mfg. Co., of Boston, which may be 




Fig. 45.— (The Doric.) 
laid to be made entirely of a single casting; and is so 
aiade so far as the water and steam parts of the boiler 
I cniicemeil. The ilhistration shows the-arrange- 
' till' /"ifi'''! . 1 I 'i"i-on'^\i\y ttiat CQviWftajASa'oai- 
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necessarv. The Cottage and the Doric boilers, of 
course, are made for comparativelj email heating ap- 
paratus, while the other types of cast iron boilers run 
up to very large sizes ami can be used in batteries for 
the very largest descriptiou of work. 

Fig 46 shows a type of cast-iron sectional boiler 
put on the market by the A. A. Griffing Iron Co., 
of New York, . Its {general (liffcrence from other boilers 




nts class lies in the fact that it is put together en- 
tirely by slip nipples, the ash pit being formed by the 
lower part of the section proper; the sections them- 
selves simply setting in an iron cradle on the founda- 
tion. The crown sheet of the fire-box is corrugated. 
The gases of combustion pass forward and backward 
through the tubes, the upper row being superheaters. 
These hollers, I am informed, are 'bivn?, ^iSRSi. 
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, for both heating and power. They are called the 
"Bundy." 

Fig. 47 shows the "Ricliraond" cast-iron boiler. 
The heating siu'faco is considerably uacreased in com- 




Fic. 47. 



tparison with Fig. 42 by the addition of two rows of 
water tubes directly in the fire-box. 
Fig. 48 shows the " Royal " casHron boiler. It 
is a good example of foundry work and shows the 
Bections rurming down and forming the sides of the ash 
: , 
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Rg. 49 shows the "Boynton" cast-iron boiler. The 
effort is to present a large heating surfaci; to the direct 



1^ 



action of the fire. They are made in large azes, and 
like the two boilers just previously shown, they are 
known as header boilers. 



W,^\, T» 1 
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Fig, 50 shows the "Ideal" cast-iron boiler, which la 
macie by the American RacUatur Co. It will be noted 
that it is a slip nipple boiler. The large sizes (one of 



mm 



which is shown) are pecuHarly put together at the top 
in half sections— right and left. The object is to make 
portable-pieces and to give greater strength. The flue 
?s arc plainly shown. 
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From the cast-iron and house series of boilers which 
are generally used for low or moderate presaurcs of 




Fiq. 50. 

steam and for wannifi^ iiunjoses only, wo pass to the 
high-pressure or i)ower ixiilci-s. The [Kiwer-ljoilers are 
shown in plates at the back of the book. 
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THE HORIZONTAL MUI/TI-TUBUUH BOILER. 

Plate 3 shows a longitudinal section, a half-front 
levation and half-cross section, a section at back, and 
plan of an ordinary horizontal boiler, set for heating 

for |K)wer. 

This is a style of boiler much in use in the United '[ 
Itates; when the building is of such proportions that 
it requires ])ressures greater than can be used in cast- , 
iron boilers, and considerable notice will be given to , 
it, its method of construction, setting and so forth, 
as it is the typical American boiler. They are some- | 
times fitted with automatic appurtenances, but where 
two or more of them are in a building, automatic 
draft regulators are all that should be used, and a 
careful engineer or fireman should do the rest. 

When used for power where the water contains mud, 
as in some western cities, they should be fitted with 
a mud pipe, as shown in Fig, 51, or if used for heat- > 
ing when the water is wasted; but this is scarcely 
necessary in a gravity apparatus. i 

Fig. 51 shows a horizontal boiler where the front ' 
end of the shell is supported by resting in the east- I 
iron front; with the front connection formed by what 
is known as breeching; this is sometimes made of fight 
iron and bolted on; but it is better to form it by an 
extension of the boiler shell, as shown. 

Tliere seems to be a dislike to this front, for no bet- ', 
ter reason than because it is not considered ornamen- 
tal. It ie certainly a substantial front, if made in. 
sections and bolted aiiout the doors, where all, fronts 
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are liable to crack, and if set as shown with deep dead- 
plate and two courses of firebrick lining, it will seldom 
require repairs ; but if the front bearer is bolted to 
the cast front, and the front is lined with a single 
course of fire-bricks, held in their place around the 
cloor by a cast-iron frame, the frame will burn off, the 




Fig. 51. 



lining fall down, and the front become heated and 
cracked. With a straight or "flush" front, a dead 
plate is always used, to keep the fire away from the 
front connection. The thickness of the wall necessary 
to form the front connection forms a lining for the 
front, which must be kept in repair. If the dead plate 
is used and made sufficiently deep, the front will last 
pretty well. 

This front and setting also obviates the necessity 
for the projection shown in Fig. 51. 
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Plate 2 shows a horizontal mtilti4ubular boiler, 
similar to the boiler shown 'nPlate III, but with the 
improved cnat-iron Jire-ilnnr arch A: with the man- 
hole ou the shell, domed steam drum, flat f;usset 
braces, and other details of a modern steel boiler. 

It was usual to make the sheila of TSo. 1 chareo-i i 
Ij^iiimered iron— though neiirly all jive now made o[ 
;i line grade of boiler steel. AVhen steel is used, 
Bbella up to 42 inches slionUl be made of J inch phite ; 
from 42" to 48" of -jV thick plate, and fnnli 48" to (JO ' 
of -I to -j^ thick plate ; with head sheets of |- to -^"^ and 
^ respectively, shells and heads being constructed of 
best flange steel. 

The domes of these boilers are usually made 
one-half the diameter of the shells, and about 
the same height; but the limited height of cellars 
often reduces the height of the dome, and in some 
eases renders it necessary to dispense with them 
altogetlier. 

The heif-ht for the setting of a 48-inch shell should 
not be less than II feet, aud as much move as can be 
conveuiently had. This will allow 2 feet from the 
paving of the ash-pit to the grate, and 2 feet more from 
the grate to the boiler, 4 feet for the boiler and 2 feel 
for the dome, leaving 1 foot from top of dome t'l 
underside of sidewalk or floor beams. For each addi- 
tional foot of diameter of boiler 16 inches should be 
allowed. 

Low cellars are a detriment to a heating apparatus 
in another and very important respect — they bring 
the main steam pipe too near the water line of the 
boiler, ami make the use of mechanical devices ueces- 
aaiy in work which otherwise could be made more 



^ 
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perfect as a graTity appMratiis. 

"When tlie man-hole ot a boiler is in tbe top of the 
dome, a hole in tbe sholl undeiueath tlie liome, large 
enough to easily admit a man from the dome into the 
shell is reqaired. This is bad practice, as this large 
hole weakens the boiler raateriatly; which fact 
engineers generally pay no attention to. The shell of 
a boiler nuderneath the dome should not be cat out 
itnless it is reinforced in some proper manner ; bat 
should be perforated with a number of small holes — 
Bay 2 inches in diameter — until their aggregate area is 
four or six times that of the steam pipes. 

'When the man-hole is in the top of the boiler an 
extra liea-i'y man-hole frame shonld be riveted to the 
shell ; its longest diameter being across the shell. 

The tubes in horizontal boilers give the best results 
when not " staggered," but placed in vertical rows 
and should have at least one inch between the tubes 
at their nearest parts, and should be not nearer the 
shell than 3 inches. 

These boilci-s should be tested to 150 or 200 lbs. per 
square inch by hydraulic pressure. This is absr- 
lutely necessary to test the bracing and other parts, 
such as heads and man-hole frames. 

There is a prevalent idea that testing a boiler with 
cold water may injure it. If a boiler will not stand 
twice the ordinary pressure it is made to carry with- 
out injury under a hydrostatic test, with water at 40 
degrees Fahrenheit, it should vol be put into a buihling, 
and the constructor or engineer who makes such an 
assertion does so either through ignorance or through 
the feai' that his apparatus is not up to a reasonable 
standard oi strength. 
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OTHER FraE-TUBE BOILERS. 

Plate VII shows a fire-tube and shell boiler which is 
known as the "Fitzgibbons." It is a modification of 
a locomotive and marine type of boiler, and it is now 
much used for heating and power work in buildings. 
It is built both as a heating and as a power boiler — 
the difference being in thickness of material and in 
strength. The saving in room required for setting as 
compared with the locomotive type is quite apparent. 

Plate VIII shows the "Scotch Marine" type of boiler. 
It can be built of great strength, but it is not a desirable 
type for buildings on account of the comparatively 
small allowance of heating surface per horse-power 
and the difficulty of getting it in or out of buildings. 
It is shown to acquaint the student with the type and 
its construction. 

Plate IX shows the "Bigelow-Manning" type of boiler- 
It is a very high-class boiler of the upright fire-tube 
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widely used form of water-tube boiler. The tubes are 
expanded into vertical or nearly vertical headers; both 
front and back and each header is connected to the 
steam and water drum through a circulating pipe. It 
will be noticed that the tubes are placed on an incline 
and that the water passes through the tubes from back 
to front. The mud drum is placed below the headers 
at the rear of the boiler, with a connection from each 
header to the mud drum. 

For very high pressures these headers arc made of 
steel and the yokes, nozzles, etc., attached to the drums 
are made of forged steel, so that no cast-iron parts are 
used. 

Plate XI shows a "Root" water-tube boiler. It is 
a very early type of the water-tube boiler. Its present 
form is made up of a number of two-pipe elements, the 
sections being arranged in vertical staggered rows 
and coimected back and front with special bends and 
a peculiar form of joint. Each vertical row connects 

• 

into a steam and water drum, so that five, more or less, 
of these rows or larger elements make up a boiler, the 
drum of each large element connecting with the steam 
drums. Circulating pipes connect between the small 
drums and the back headers of the boiler, so as to 

• 

pve the water a circulation through the smaller 
drums. 

The large cross or steam drum is also connected to 
the rear cross headers by a dry pipe, so that any water 
carried over by the force of ebullition or otherwise is 
returned to the lower part of the boiler from the upper 
or steam drum. 
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The method of setting and the other general form 
of parts is plainly shown in the illustration. 

Plate XII shows a "Worthington" water-tube boiler. 
This boiler docs not require very much in the way of 
a brick sotting as the headers practically form the ends 
or sides of the boiler setting. A Ught iron casing 
(preferably covered with an asbestos or other insulating 
material) is placed outside the headers and arranged 
so that one can readily get at the caps at the ends of 
the tubes. It will be noticed that two large circulating 
pipes at both the front and the rear of the boiler run 
from the steam and water drum to a mud drum on 
either end or side. 

Each of the lower rows of nearly vertied headers 
connects to a mud drum and each of the upper rows 
of nearly vertical headers is connected to the steam 
and water drum. The boiler tubes run from the lower 
headers at one end or side of the boiler to the upper 
headers on the opposite end or side. 
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steam and water, while the two rear drums are con- 
nected together above the water-line only. 

The water is fed into the upper rear drum and it 
will be noticed that a pan is provided in this drum into 
which dirt, etc., is supposed to be deposited. 

The water passes from the rear upper drum to the 
lower drum and these tubes (containing the coldest 
water) are surrounded by the coldest gases, or in other 
words, by the flue gases, which immediately afterwards 
pass to the chimney. 

The bent tubes are of advantage in so far as expansion 
is concerned, and although apparently they cannot be 
so readily cleaned as the straight tubes, nevertheless 
the manufacturers claim that (with the special clean- 
ing apparatus which they provide) the cleaning of these 
boilers is not an objection. 

Plate XIV shows a ''Heine'' water-tube boiler. This 
boiler is a brick-set boiler with a long steam and water 
drum, furnished with a water leg at each end into which 
the straight tubes are expanded. A hand hole is located 
opposite the ends of each tube. One advantage that 
is claimed for this boiler is the large cross-sectional 
area of the water-leg between the tubes and the steam 
and water drum. On the other hand, an objection is 
sometimes raised to the rigid connections between the 
tubes and the steam drum, the idea being that the 
difference in expansion between the tubes and the 
drum may cause a strain and consequent weakening 
where the water legs are attached to the drum. The 
flat surfaces of the legs are fastened by stay bolts. 

Plate XV shows the ''Atlas'' water-tube boiler. This 
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boiler is provided with water legs similar to those in the 
Heine boiler. Instead of one long drum at the top 
of the boiler, however, it has three cross drums, con- 
nected with tubes, some of which are above the water- 
line of the boiler and are therefore to be regarded as 
superheating tubes. 

A strong point in favor of all water-tube boilers 
is their greater safety as compared with the shell 
boiler, especially when a very high steam pressure is 
required. 

Ten square feet of heating surface in these boilers is 
usually rated as a boiler horse-power, while fifteen square 
feet is the usual boiler-makers' rating in the multi-tubular 
shell boiler. It may be stated, however, that ten square 
feet of heating surface in the multi-tubular boiler will 
be made to produce the steam required by one boiler 
horse-power and the multi-tubular shell boiler is now 
often rated on this basis in competition with water- 
tube boiler; if the fire-tubes are well proportioned to 




CHAPTER VTI. 

GENERAL REMARKS ON BOILER SETTING AND CON- 

STRUCTION. 

The best materials should be used in the set- 
tings of boilers, and less than a 12-inch wall should 
not be allowed even in the setting of the smallest class 
of horizontal boilers. Large boilers should have not 
less than 12-inch walls in addition to the thickness 
of the fire-brick lining of the furnace, and 20, and 
24-inch walls are not uncommon. 

It is not desirable to put a number of masons on 
boiler walls and hurry them ; for neatness and delib- 
eration are required with every brick, and makeshifts 
should never be allowed. 

On marshy, or sandy ground, it is well to exca- 
vate for the whole size of the apparatus and put in a 
^Mck concrete foundation, which will keep the work 
^^bstantial and also help to cut oflf moisture from 
tlie earth. 

It is generally assumed that the greater expan- 
sion of the bricks on the inside of the furnace is the 
cause of the boiler walls cracking ; and it is, to a large 
extent true, though cracks from this cause are gener- 
ally distributed over the walls, and are not so great 
l^nt that a few coats of whitewash are sufficient to 
fill them. 
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^^H Tlie large fissures ichich ofteu appear iu sidewalk 

^^Bol boilers are uaually cau&eil by aii iusufficieut fouinl- 

^^HatioD, the walls resting ou or against the boiler; or 

^^^Kljy uuequal or abrupt cliaoges of thickuess. Opposite 

^^V'tLe bridge-wall a crack usually appears which is sup- 

^^^ posed to be caused by the mass of the bridge-wall 

moviug iu a different direction to that of the wall, 

This crack nearly always appears, and as it opeus 

uoder the heat, small particles sift down within it and 

prevent its closing when cold, and this action going on 

often opens a large fissure. 

The arch over the back-couuection of a boiler 
should not be turned against the boiler-head, as is 
ofteu the case, but should be sprung from the aide 
walls ; with a rod to form the chord of the arch with 
the necessary Gauges or buck staves on its euds, the 
I rod to be just covered from the heat in the back 

^^H If it is desirable to turn the arch from the back 
^^Twall to the back head of the boiler (siuce some think 
this shape mure desirable), a heavy angle iron should 
be used to turn the arch agaiust. The angle iron 
should be kept half an inch from the boiler, taking 
cure no mortar or bits of brick lodge between the head 
of the boiler and the angle iron. 

When the luga of a boiler are firmly built into the 
brickwork, without iron plates iu the wall for the lugs 
to " give and take " on, the walls will crack, because 
the iron of the boiler contracts and expands more 
than the wall does. The lugs should also be free 
from the brickwork on their ends and top, 
_ The arch, turned over a boiler, should not touch it, 

m^^hat there should be one or two VMcUea of space 
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between boiler and arch. The arch should spriug 
from the side walls, aud be self-supporting, and uot 
turn on the boiler. 

A good way to build these arches is to lay inch 
strips of wood lengthwiiie on the boiler aud draw 
tliem out as the work progresaee. 

When boilerij are not arched over, but the siilewalls 
are run straight up, aud the space, over the boiler, 
tilled with sand or loose materials, the walls are very 
apt to crack and be shoved out of plumb. Every 
time the boiler cools, the sand and loose particles will 
press down between the boiler and the wall, aud the 
whole mass above will settle down. Then the boiler 
becomes heated agaiu aud expands; the saud will not 
be forced up again ; heuce the wall will be shoved out. 
This often happens, and it is attributed directly to 
the action of the heat, as something unavoidable, but 
such IB usually not the case. 

When boilers are set on sandy ground the founda- 
tion should be deep aud good, as the heat of the fur- 
uace will drive out the moisture from the sand aud 
leave it a quicksand, so that they should have a heavy 
foundation of concrete that the whole mass may settle 
as a monolith. 

An air space within a boiler wall is of doubtful 
utility, the eame thickness of brick will prove more 
serviceable and will not weaken the wall.* 

The fire-bricks in a furnace, should have the 
smallest possible quantity of fire-clay between them 
barely sufEcient to level the work. They should be 

• I do not wish to convey the idea that a apace in lie walls of a build- 
ing is not valuable ; since il inlemipls the passage q{ moistttit, \\it ts«^ 
araiioa of nbicb, from (he walls, would requite nioic'h<ia\.fti»a'»!CNi^\ft 
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laid with a couple of courses of headers at the top, 
so the side linings could be removed without affecting 
the stability of the wall. The other courses should 
not have headers, but an occasioual header to tie 
the face of the wall, as the breaking out of a row of 
headers will injure the structure of the wall. 

The division { W, Fig. 47) between the furnace 
and the front-connection is another source of annoy- 
ance ; when constructed of iron it burns out rapidly, 
and when made of fire-brick, in the shape of an arch, 
it falls out ; or may be broken iu usiug the fire-tools. 

Hollow castiugs, with air aud water circulations in 
them, have been tried to form the under side of the 
front connection, but they do not last and are danger- 
ous uuder high steam pressure, as they are usually 
fiat-sided. The shell of the boiler is sometimes 
allowed to project and cover this space ; but as it has 
heat on both sides of it, it buckles and burns out iu 
a year or so, unless the engineer is very careful about 
keeping the brickwork in order. 




BniZKU SETTiyr. AXTt CONSTRUCTION. Ili:{ 

it tlie cast-iron arch {wliicli shonlil spring from tlie 
dead plate ami form the doonvay to the furiiaee) 
flared inward, and was cut into, for about one third 
its depth, making large and coarse prongs (about 2 
inches wide by six inches long, with one inch of a 
Blot) to support and guard the bricks, it would stai 




for a louger time. Thia method has been used many 
years, and the prongs do not bend down, ivhiJe thej 
burn off Tery slowly from their points, lasting three 
or four times as long as the ordinary cast-irou door 
frame. 

A deep dead-plate saves the front and door 
linings, as it keeps a body of comparatively dead 
coals between the front and the fire. 

Biidge walls are often built straight across, but 
an inverted arch is better ; though not on account of 
combustion, but that in an arch the bricks are keyed 
in, and are not as likely to be knocked out by the 
fire tools. 

Deep ftfih-pifH are the best, and a second or ash- 
grate will help preserve the grate-proper ; as there is 
less refiection of heat from it than there would be 
from a hard brick bottom. 



ii 
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The brackets livetej to sides of boilers to sup- 
port them ID the bnckwork are commouly called 
"luga,"aiid many eugioeers, iu the coustructiou of 
what they coLsider loug boilers, put three lugs on a 
side, fearing tlie weight will be too great for two 
Qiily. This is uudoubtedly a mistake, aud frustrates 
the object for which the third is put on. The 
object of the extra lugs is to distribute aud lessen the 
weight ou auy one lug. With a middle pair of lugs, 
however, the settliug of the brickwork at one eud will 
throw the whole weight of the boiler on the middle 
pair, and even if the walls should not settle, the heat- 
ing of the under side of the boiler more rapidly thau 
the top, which takes place for instance upon starting 
a fire before steam is up, will in a great measure 
force up the ends of the boiler, leaving tiie whole 
weight ou the middle pair of Ings. 

Four lugs, properlj' put ou, are found to be the 
best number, and the detail, Figs. 53 and 54, page 106, 
shows a method introduced by the writer and now 
very much in use by careful boiler-makers. The 
lug is esteuded downwards, the part going against 
the side of the boiler covering a greater area of 
the boiler shell than usual, aud bringing a row 
of rivets below the horizontal bracket of the log. 
With the old-fashioned lug all the rivets are above 
the bracket, and the tendency of the weight is to put 
an undue strain ou the rivets, which to many is sup- 
posed to be a shearing force, bnt which iu reality is 
very much more of a pull in the direction of the 
length of the rivet, the tendency being to pull the 
riret thrtnigh the side of the boiler or break the rivet 
in its :siiauk. When tUe \w" la e-s.Wii'l.e.ii. XiAq's titM 
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bracket, as aliown iu Fig, 53, the tendency to pull the 
rivet through the sheet is greatly lesseued ; and, iu 
[act, if the lug is properly proper tioueil, the straiu ou 
the rivet becomes almost entirely a shearing strain, 
the resultant force being almost dii-ectly downwards, 
or the tendency of the bracket to tear off, almost 
directly upwards. 

It is a mistake also in setting boilers to neglect to 
get the support under the bracket close to the side 
cf the boiler, because when the bracket bears un- 
evenly, or near its outer eud, ou its roller, it iucreases 
the leverage to tear the bracket from the shell. 
Many initial ruptures in horizontal boilers occur 
underneath this bracket, and for this reason many 
makers of large and heavy boilers are abandoning the 
bracket and using the method shown in Plate VI, and 
one that has been used a. great deal ou river steamers 
in our western waters. Flat, wrought-iron or steel 
suspenders are riveted to the side of the boiler, which 
is supported ou I-beams, crossing from wall to wall, 
as slunvn. With this style of support there is very 
little danger of tearing the suspender or "lug" from 
the side of the boiler, as the strain on the rivet is 
eutirely a shearing strain, but there is danger of 
getting the pins or rods that run to the beams above 
too light ; and in designing the rods and suspenders 
care must be taken that any two opposite suspenders 
will sustain the maximum load with safety, the maxi- 
mum load, of course, being the weight of the boiler 
wheu it is full of water. 

Lugs are sometimes left off until a boiler is in the 
basement, for the purpose of getting it through door- 
wajs, Thla is not good jjraetice, as tlie ritete rVoh^^, 
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tal the sbell, before Om 
Ihei oa vitii tap bolts L 
mot gaoA pocfice olLer. am two or three bolts nm- 
bvc ta> cany tk «kde ^d of tk boiler. Bolts a 
f^" Off f " Ai^Ktcs ^^ped nto tfe »de of a boiler, an* 
loaded ■> a twbt bott wfll bcv ■■« *pt to break » 
str^ ■■ tt> **-T"^. aad lb^» is do war bj vliicli th.< 
boil^ Maliff eia oCcIt biii tliia the load on a boll 
Bie is obUBed fa sbsm tm Uk bolt until he draws th.' 
woxfc doae, at wloek tnae Ifce bult often breaks, or £ 
readj to bmk, so tkat therci is no factor for safeb; 
tliat caa be depmded spoB. Should the bolts leal 
also under preissore, the biicWork bas to be ton 
down to remedr the defect, and the work is oftel 
made tight with cottca wick or some similar packings. 
A good plan when the logs most be left off, is t^ 
hare a shoe rireted to the boiler at the proper time 
into which the logs will slip, similarlr to a stove leg 
and which, of coarse, most be sofScientlj' strong la 
the work. 








Steel pr(^H(w! lugs that tako the place of the castings 
in FigH. 5.'i and 54 an- now much used. 




PROPORTIONS OF THE HEATINc: SURFACES OF BOILER^ 
TO THE RADIATING SURFACES OF BUILDINGS. 

There is no simple relatiou betweeu tbe lieutiiig 
nu'facea of boilers aud tbe rudiatiug surfaces of the 
bnililiogs they have to supply the steam to, as tbe 
(ollowing cousideratious modify every type of appa- 
ratus: Tbe class of boiler ased ; tbe method of 
setting boilers ; what tbe grate surface is ; the char- 
aeter of tbe work the boilers are deaigued for, and 
whether the air is simply to be maiutaiued at a certain 
temperature, as iu direct radiatiou, or whether every 
cubic foot of air which comes ia contact with the 
radiator must be warmed from the outside to tlii^ 
inside temperature, as iu indirect radiatiou, or whether 
tlie apparatus is direct-indirect or composite. All these 
will have to be considered, and the results are then 
ouly close approximations to tbe truth. Neglect of 
cleauiag, a certain amount of neglect of mauagemeut, 
and the state of the fire — whether ou the first hour of 
tlie new fire, or the last hour iif tbe dirty fire — for tbe 
time they are to ruu without attendauoe, all must 
c into this ealcalation, and theu one ia geaerally 
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forced to eiT on tlie side of safety — that is, not liave 
just aaflicieut boiler to do the work, but a little more 

than enougb to do the work uuder the poorest eouiU- 
tioiis likely to be eucouutered. 

If the effect of the cooJiug produced by loss of 
heat through the glass aud walls of a buildiug e:m be 
properly estimated aud added to the amouut of hoLt 
lost in warmiug the air admitted for veutilatiuii, n 
close estimate can he made of the smallest grat.-i 
that will buru sul^cieiit fuel to evaporate the required 
amount of water iu a boiler sufficieHtly large, but not so 
large as to be wasteful. 

The amount of opening of the draft door or damper 
which regulates the fuel burned; the fuel burned regu- 
lates the water evaporated; and the water evaporated 
regulates the amount of steam made, so that really 
what is required are certain limits within which an 
engineer knows he is safe, and to exceed which would 
be an unnecessary expense. 

Boilers for very large buildings which have an ongi 
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and from practice, that for ordinary large buildings, 
with average window surface, and for the greatest 
range of temperature in our northern states, when 
nothing but direct radiation with no yeutilation is 
used, one square foot of boiler to every ten square 
feet of the radiating surface will answer ; assuming, 
of course, the radiating surface is ample. This is an 
approximation for high pressure boilers only with 
fair to good draft, and though I have one case in New 
York where one square foot of average boiler surface 
supplies from 14 to 15 square feet of radiation, there 
are many boilers under the ordinary condition of 
setting with short or cramped chimneys that will 
not do better than 1 to 8, and this for low pressure 
steam only (2 to 10 pounds pressure), as, of course, 
the higher the steam pressure the greater the con. 
densation, a matter that will be referred to here- 
after. 

For indirect radiation, if the heating or radiating 
surface of the coils are double what they would be for 
direct radiation without ventilation, the same propor- 
tion of boiler to coil will about suffice; but, if in- 
stead of doubUng, the building is kept warm by moving 
the air twice as fast with a fan, through a comparatively 
small coil, we must proportion the boiler the same 
as if we had double the heating surface, that is, I 
of boiler to 5 of indirect radiator. These rules au 
only the roughest of approximations and often lead 
to much blundering, and if one will only bear in mind 
that a boiler should be proportioned to the cooling 
which goes on — heating, ventilation, etc., — and not 
to the coil surface, as that is as variable as boilers 
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themselves, they will not expect a direct answer to 
their question. 

For direct-indirect radiation, proportion the boiler 
about one and one half times what it would be for 
direct radiation. 

These estimates are for boilers with ordinary high 
combustion, such aa horizontal boilers which are kept 
clean without interruption ; but for liouae boilers with 
slower combustion, an addition of J to J, depending 
ou the type of boiler and good judgment, will be 
required on the part of the engineer. 

The manufacturers of the boiler shown in Fig. 34, 
made 3 sizes, of 45, GO, and 75 square feet of heat- 
ing surface, and rated them to furnish steam for 
300, 500, and 700 square feet of direct radiation coils. 
These boilers wore used for many years in the early 
days of steam heating, and were probably not over- 
rated. They are of a simple type with direct surface, 
wherein the gases of consumption escaped iuto the 
chimney at a high tamperature. They were not as 
economical of fuel as more modern boilers, but illus- 
trate a type in which the proportion is about one of 
boiler to 9 of radiating surface. 

The manufacturer of the upright tubular boiler, 
shown in Fig. 36, published a list of 24 sizes of boil- 
ers, from 54 square feet of surface to 400 square feet, 
in which be gives the maximum and minimum num- 
ber of cubic feet of air in ordinary buildings each , 
boiler will carry radiatiou for. 
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The following is a coDdensed table of this list : 



So.otBcritor. 


^otVS^r'- 


offShteFeeiorAI?'™ 


6qu»re Feet of 
RadlaUon. 


•1 
S 
9 
13 
18 
24 


54 
107 
Ifil 

2oa 

302 
403 


18 to SSlbousand. 

40 " 54 

65 " 75 

73 " 100 
lie •' 152 
IM "215 


360 to 500 
800 "1080 
1100 '• 1500 
1500 "2000 
2330 " 3040 
8280 '4300 



There is do doabt this list ia approximately correct 
\pheD apright multi-tubular boilera are used, or any 
kind of shell boilers, with simple parts. The propor- 
tion runs between 1 to 7^. and 1 to 10. 

In the Nason Manufacturing Company's old cata- 
lognes on thin pipe boilers, a circular is to be found 
giving the following list — in which the grate to the 
heating surface of the boiler is about as oue to 27, 
and the heating surface of the boiler to the radiating 
sarface of the building 1 to 6^. This was considered 
a safe and liberal allowance, which it proved to be, as 
under favorable conditions J to i more direct radiator 
surface would be carried by the boilers. 



SQimre feet of Orate 
Surface 

Square feel of Boiler 
Surface exposed 



Square feet of Raillni 
iiig Surface wblch 
wilt beat 



2 


3i 


3 


8i 


4 


H 


5 


« 


55 


es 


78 


83 


105 


116 


131 


158 


350 


"° 


r..5 


WO 


700 


775 


soo 


1050 



The proportion of grate surface shown here also 
gave good practical results. 
Uorns, Tasker & Co., of Phiiadolp\\\a, ^avc a.u »i%.A"3 
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list in which the rates are nearly the same, the variation 
for circumstances being greater. It is as follows: 



Feet of Surface ot Boiler. 



CohteutB ta the Building Id Cubic Feet. 



18 to 80 thousand. 



The foregoiug remarks and the tables Just giyen go 
to show the approximate relation between boilers 
and radiating surfaces. In a subseqnent chapter 
devoted to methods of calculation pertaining to steam 
heating data, founded more on the scientific principles 
of the matter, will be given, from which a better 
conception of the subject may be obtained by those 
who desire to go more thoroughly into the matter. 

One simple rule can always be borne in mind- 
namely, that 1 square foot of average boiler surface 
will evaporate 2 lbs. of water in an hour, and that be- 
tween 7 and 8 square feet of radiation will condense 




CHAPTER EL 

GRATES AND CHIMNEYS. 

Fob a house heating apparatus the grate and 
£re-pot should be so constructed that as the fire 
hums the body of fuel will move together, centrally 
as well as downwards, and thus keep a compact body 
of ignited coal for a long time on the grate. When a 
grate is broad, with a thin fire on it, as in power 
boilers, the fire bums out at certain parts of the grate 
faster than at others, and a fireman has to build his 
fire accordingly, giving it constant attentiou to keep 
up steam and not waste coal ; but in a private house, 
all parts of the apparatus, including the grate and 
fire-box, must be constructed so that the fire can be 
left unattended for a comparatively long time ; and 
engineers unacquainted with this class of work will 
be surprised at what has been done in this respect, 8 
to 12 hours' duration being common for a fire to keep 
steam, and often make a better showing for the same 
weight of coal per radiating surface than large boilers 
with flat rectangular grates, fired regularly and ofteu, 
with a high rate of combustion. 

When a grate is surrounded with a fire-pot, or when 
the fire-box is drawn iu to any angle not greater than 
about 30° from the perpendicular, the coal as it burns 
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will pre89 to tlie center and slip dowu, keepiug the 
fire deep aud in a good condition longer tlian when a 
furnace has perpendicular sides. The tapering fire- 
pot works well with a magazine-fed fire, as the 
tendency is to consolidate the fuel aa it slips down- 

»ward. Ordinarily, however, the sides o! the fire-pot 
or fire-box are perpendicular, in which case it must be 
deep to hold lire enough for a whole night iu cold 
weather- 
Grates should be proportioned to the heating 
Surface of the building (radiating surface), which, of 
course, is proportional to the water to be evaporated 
or the steam to be condensed. 

Ordinarily, a pound of anthracite coal will evapor- 
ate ten pounds of water from the temperature of the 
return water to steam, at almost any pressure. To 
evaporate water — make steam— from water, at 178° 
Pahr., a fair temperature for return water, to one 
pound pressure of steam about 1,000 heat units are re- 
quired. This is low pressure. To evaporate the 
same water to 100 pounds pressure of steam it wilt re- 
quire 1,047 heat units. This will be for high pressure 
conditions. If, however, we still have high pressure 
conditions, and a very much hotter temperature of the 
return water than before (say a temperature of 225" 
Fahr. for the return water, which would be a natural 
pCondition with a iiigli pressure gravity return appara- 
I tuH at 100 [jounds pressure), then the heat to evapo- 
krate one pound of the return water to steam again at 100 
lounds will bo still approximately 1,000 heat units, or 
■the same as for low pressure steam. So that approxi- 
imately and for all ordinary usages, it is safe enough to 
7 that one pound of water rei.\\UTes \,QQQ Wa.-*, «.mts to 
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mporate it, no matter what the pressure. With tills 
in mind, we have the first essential item of data in 
finilmg our grate surface. Suppose we are Rinng to 
ei'sporate 1,000 pounds of water in an hour, then we 
I' we must bum about 100 pounds of coal in the 
same time — one hour — and this being fixal, wo proceitl 
to determine the size of the grate. 

It has been found by many expenmeuts on Amer 
icao coal, that when it is consumed at the rate of 
Itetween 8 lo 9 pounds per hour per square foot of 
grate, that the masimum of practical efficiency is 
obtained with ordinary grates and boilers. This seems 
to establish at once the grate surface that should be 
used, but iu this we would be incorrect for all pur- 
poses. For high pressure boilers, with a fireman in 
atteudance, it has been established, empirically, that 
one sqiiare foot of grate should burn 15 pouud.s of coal 
iu the hour and this is generally the proportion used 
iu common boilers, where the conditions of draft, etc., 
is not kuown. But for house heatiug boilers this will 
not do. It is not the queatiou of whether a certain area 
of grate to a giveu weight of coal gives the greatest 
efficiency per pouud of coal, but it is a question of 
preparing a grate and furnace that will hold coal 
sufficient for a night's burning without further attend, 
ance, than to clean and till the furnace at bedtime 
and find steam in the morning at 6 or 7 o'clock, with- 
out unnecessary waste of fuel. This is the condition 
presented iu house heating, and it is for this we must 
proportion a grate and furuace in a heatiug apparatus. 
If we are to evaporate 300 pounds of water every hour, 
from 10 p. M to 7 a. m. (9 hours), we know we must 
buru at least 270 lbs. of coal during the night. A 
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quautitj of autliracite coal tif tliia weight will be from 
7 to 8 cubic feet iu bulk, and if we give it a depth of 
oiie foot over a grate, it will require a, grate surface of 

' from 7 to 8 square feet. A fire 1 foot thick ia a deep 
fire, but as it is to burn so slowly, sufficient air will 
pass through it with any ordinarily good draught 
Even if it had to be 14 or 15 inches thick, to run a 
couple of hours longer, this probably would not mat- 
ter ; so thfit we have established a fact that in this 
class of cases our grate must be, say, 8 square feet 
superficial area to burn 270 pouuda of coal in 9 hours, 
or 30 pounds of coal per hour, giving us a ratio of 
one square foot of grate to each 3f pounds of coal 
burned per hour. Kow practice has demonstrated 
that a rate of combustion of about 4 pounds of coal 
per hour per square foot of grate is a proper and 
reasonable consumption for house heating boilers. 
Less grate area may do with a good draft and thicker 
fires, but the chances are against efficiency in coal 
consumption when the 4 to 1 limit is passed, that is, 
when more than 4 ponnds of coal per hour are 
burned. With this proportion of grate to coal, the 
accumulated ashes will not prevent the passage of the 
proper quantity of air as the time for firing again 
approaches, and it may safely be relied upon. 

The amount of air space in a grate must not be 
overlooked, If the air space is contracted or very 
fine, more intensity iu draft is required. This is why 
some apparatus does better with one style of grate 
than with another. The total area of the grate may 
be near the regulation size, but the air space is not 
sufficient or it is of such a nature that it becomes 

choked with the ashes and, c\iiiVet \,oti xeadily, thus 
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16 openings in &ny grate must be sufficiently large to 
pass the greatest quantity of air required when the 
fire is packed with ashes, as iu the last hour it is eup. 
posed to run without attendance. Smaller npeuiuga will 
not answer, aud any much larger are it u necessary, al- 
though there ia considerable scope iu this latter respect 
aait ia the constant opening or closing of the draft- 
Joor which really regulates the quantity of air required 
hy the fuel, provided it is aruple iu the first place. 

Chimnets. — The question of the chimney should 
be considered with the subject of grates. There are 
two requisites for all chimneys: First, a chimney 
must be able to pass air in sufficient quantities to 
consume the coal, and, second, the intensity of the 
Jraft must be equal to passing the required quan- 
tity of air through the fire, no matter how much ashes 
tbere may be on the grate nor how thick the fire may 
be. The size of the coal used may be changed so as 
to favor a low or poor intensity of the driift, but 
should the air supply be insufficient iu quantity, in- 
tensity will do very little to make it up aud the result 
*ill he insufficient steam or no steam, and a constant 
poking of the fire without -satisfactory results. Coal 
ifill burn in an open grate or on the hearth, but the 
rate of combustion cannot be controlled, and the mass 
8iniply burns from the outside unless the blower is 
Med. A chimney 40 feet high will generally have the 
Wquired intensity, but this same chimney may be so 
'8dnce<l in volume by bad turns in the wall, or by 
insufficient area iu any part of its length or its 
'hole length, that it cannot bnru the coal required, 
Mid therefore is useless. It sometimes happens that 
the cidmnej' iaa just about the cross-sectVowtvi uvea. 
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that will da the work imder favorable conditions of ' 
weather ami fuel. These nre the worst kind of chini' 
^K iieys. They pass muster under the favorable condition 
^^k of affairs, and fail entirely in damp and cold weather, J 
^^H or with unfavorable fuel, such as the harder kinds of 
^^ anthracite coal, when with the free burning coals they 
can be just made to work by watching them. When 
a chimney proves itself entirely too small, it is, of i 
^H course, improved by enlargement or by an increase of i 
^^B height, though iu the latter direction much is not to 
^^V be expected from an increase of height of 10 or 15 
^^ feet, aa the velocity of draft increases very slowly 
indeed with the increase of height of the chimney. 

It is well to remark that a chimney may be too 
large in diameter, though this does not often occar. i 
Still I had a 12 X 36 inch chimney, of about 40 feet i 
high, into which a small boiler with about 400 feet of 
radiating surface connected. 1 found it necessary to 
divide this near the middle by a wall, leaving a 12 X 16 | 
inch flue for the boiler, before satisfactory results were | 

■ obtained. The amount of heated gases passing into 
the large chimney was not enough to cause a move- 
ment of air through its whole section, so that the 
intensity became almost nothing, and the conditions 
were not much better than passing a stovepipe through 
a hole in a wall into an area or light shaft. 

Thus the chimney must be capable of passing suffi- 
cient air for the greatest consumption of fuel ever 
likely to be used in the appariitus. Less air will not ! 
do. More than is needed does no harm, for it is 
within the power of the operator or the automatic 
draft regulator to diminish the quantity of the air. 
Aa old i'oJe is that the area uE a chimney should be 
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not less tliau nue-eiglith the aren of the grate. If tliia 
rule was correct, or nearly correct, for mill chimneys, 
itciiuuot bliudiy be applied to chimneys in private 
liwellings, though, ou the other hand, if a designer 
lias Efi better guide, it may be followed ivitli some 
Jegree o£ surety. 

But the 1 square foot of chimney area to S fiquare 
feet of grate, as applied to high-pressure boilers, 
wliere the conaumptiou of fuel is about 10 jiouuds of 
coal to a square foot of grate, Avill not do in nil cases 
n'liere the cousumptiou of coal falls to as little as 4 
[louuda per foot of grate, or the 1 to 8 rule would 
result iu an enormously large cliirauey. 

Suppose the case of a hospital or school with a 
chimney 100 feet high, arranged ou the gravity auto- 
matic principle, the iutentiou being to keep a fire over 
liight without attendauce, iu which the grate area 
might be from 80 to 100 square feet, the 1 to 8 rule 
ivould be a chimuey out of all proportion to the size 
and actual requirements of tlie bnildiug, though iu the 
case of a large private resideuce where the total grate 
area would be only 8 square feet, a chimney of 1 
square foot, 40 to 50 feet high, would be eminently 
proper, as such a size would be required to give a 
practical maguitude to the chimney. 

The- proportion of frictional surface in a small 
chimney is very much gi-eater thau in a large chimney, 
and thus the 1 to 8 rule will do very well in chimneys 
for house work, or where the chimuey seldom exceeds 
40 feet in total height. In very small apparatus, how- 
ever, the 1 to 8 rule may not prove ample. Take a 
grate of 3J square feet ; under the 1 to 8 rule the 
chimney will be 8 X 8 inches. Kow an 8 X 8 inch 
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I' 
obimney is usually enough for the ordinary Amerioan 
stove, but short 8x8 inch chimneys often fail to give 
the required draft for a steam heating apparatus 
with a grate of 3 to 4 square feet. If the chimney is 
built smooth and straight, and 30 to 40 feet high, it 
may prove just ample, but if it is drawn over two or 
thuee times, to carry it around fireplaces at the dif- 
ferent stories, and roughly corblcd on the inside with 
obimney pots and other apparatus on its top, the 1 to 
8 rule may prove very deficient 
An 8 X 12 inch chimney is the smallest that should 
be built iu a house for a heating apparatus, though 
not because it may actually require that size chimney 
for the combustion of the coal, but to give a practical 
magnitude for roughiiess and want of cleaning, etc., 
and no other pipe or flue should be taken into it 
except the boiler flue. 

For apparatus, such as are put into large mansions, 
which burn 40 to 50 tons of coal iu 180 days, a 
12 X IG inch flue is little enough for the above reasons. 
Care in building a chimney is necessary, as a 
smooth chimney will give a better draft and keep 
clean longer than any other. Offsets in chimneys 
should be avoided, and equilateral and parallel 
sides are best unless the chimney can be round. 

To those who are interested in large chimney eon- 
strnction I would recommend K. M. & F. J. Bancroft's 
practical treatise (Juo. Calvert, publisher, Manches- 
^^ ter, Eng.), where theoretical formulas are given, 
^^L together with illustrations of many large chimneys, 
^^K with the results of experiments obtained therefrom. 
^^V The intensity of a chimuey, due to its height and 
^^m heat, ia usuaJij repiesented bj iachea of water. For 
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instance, a chimney 100 feet liigli, warmed until the 
"balk of its gases lias been doubled, or tlie density of 
the air in the chimney reduced one-half, will have an 
intensity or power nearly equal to three- quarters of 
an inch of water. Remember, however, that this 
intensity of three-quarters of an inch head of water 
can only be obtained in such a chimney at the moment 
the damper is shut and the flow of air checked in the 
chimney. When the damper is open and the air or 
gases passing freely through the chimney, another 
condition of intensity exists much less than the 
former, and which may fall to a third or quarter of it, 
or even less, only one-tenth, according as the chimney 
ia passing less or more air. The theoretical intensity 
in a chimney 100 feet high, in which the gases have 
been doubJed in bulk by raising their temperature 
500° Tahr,, will give a theoretical velocity of about 
112 feet per second iu tlie middle of the chimney, but 
a« this 112 feet per second is dependent on the in- 
tensity, and as the intensity begins to decrease the 
moment the air begins to move, a new condition 
follows; the intensity becoming less and quantity 
gn.'ater. This may be calleti thf practical efficiency 
of the chimney. 

Tliis practical efficiency constantly changes in chim- 
neys, depending on their height, temperatuit, area, 
and shape. 

It is of more importance to us, therefore, to be able 
to discover the practical efficiency of a chimney, or, 
more properly, to construct a chimney that will give 
us a desired efficiency, than to find the theoretical 
velocity or intensity, as they both vanish in practice 
and resolve themselves into the third toi'v^'v^wa. ^:§tftii- 
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tical efficiency), which is the one we are interested in. 
The friction of the chimney is the largest and most 
important factor in producing this condition. It is 
tht' retarding factor, although the weight of the hot 
gasBj, compared to the colder outside air, that pass 
through the chimney are the accelerating factor. The 
theoretical velocity must furm the basis of the theo- 
retical quantity, but this is figured on the difference 
in weight between two columns of pure air without 
moisture, forgetting there is carbonic acid gas and 
unconsumed carbon in one of the columns. Now our 
chimney flue in practice ia filled with a composition 
of air, carbon, etc., that has a greater specific gravity 
than air. Pure air is composed principally of 77 per 
cent, of nitrogen and 23 per cent, oxygen (by weight), 
and at a temperature of 60° a bulk equal to 14 cubic 
feet will weigh a pound under the ordinary conditions 
of onr atmosphere. About 11 to 12 times this quan- 
tity of air ia necessary for the theoretical combustion 
of one pound of coal, though in practice it runs up to 
17 or 18 times that quantity, and sometimes as bigb 
as 20 times, with ijoorly brick-set boilers. 

The practical efficiency of a chimney may be meas- 
ured by a water-gauge when the apparatus is in full 
operatiijD, with the dampers wide opeu while passing 
through the fuel the full quantity of air required for 
proper combustion, so that the gases of combustion, 
instead of being of the same weight as common air, 
will be about one-twelfth heavier, reducing tiie the- 
oretical efficiency considerably. The friction iu the 
chimney, the friction of the smoke pipe and its turns, 
the friction of the boiler and its flues, and the friction 
of the air through the grate and ita bed of fuel, all 
to out down the theoretical \6VocA^ Bu\ia.'\olw;-as&^ 
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I much that a very high factor for safety mufit be 
provided in a eliimuey coiistructed by theoretical 
rules. Still, without theory much couhl not be done. 
It eatablishea safe compariaoua and au ultimnte limit 
beyond which it is impossible to go without using 
mechanical power to increase the velocity of draft. 

Presumably, if any rough rule was advanced for 
chimneys, it would nut be safe to assume a greater 
intensity than one-tenth the theoretical value, and for 
small chimneys that would probably be too great. In 
a chimney 100 feet high, warmed about 500° above 
the outer air, tiie intensity is about 0.75 of an iuch of 
water, and the velocity coiTespouding thereto, about 
112 feet per second in the chimney, and about half 
that, or 56 feet per second through the ash door, if 
equal area with the chirauey, as the air is about 
double the density and half the volume before it 
passes turough the fire. Now, for an iuteusity of 
one-tenth, or 0.075 of au iuch of water, the flow of 
gases in the chimney will be about 38 feet per second, 
and at the draft door about 19 feet per second, or a 
practical efficiency of aboiit one-third. These are 
high practical efficiencies aud are not to be obtained 
ja small crooked cliimneja built into the walls of a 
house and often into wet or damp outside walls. 

The theoretical intensity of a chimney may be 
obtained and remembered in a practical way as fol- 
lows: One pound of pure air fills 12.387 cubic feet at 
a, temperature of 32° Fahr. This will make a column 
of air of one square inch 1,783 feet high, which, of 
conrae, will exert a pressure at the foot of the column 
of one pound per square iuch. M'e never, however, 
have to do with so great a pressure iu an ordijiary 
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The preceiUiif; table {^ivea the number of inches in 
diameter for circular gratea, from one square foot to 
ais, inclusive, advancing by one-quarter of a square 
foot, and will do for ready reference by the fitter. 




Why do grates break? Round grates made of 
eoaoentrio rings and straight Tai.\i.a\ o-tma always 
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1]reak and fall to pieces, iiever v'eariug out in the 
ordinary way. There ia usually the same result with 
parallel bars, confined with a ring, and they are the 
two forms most likely to be made by auy oue who is 
required to get up patterns aud has not had experience 
in the matter ; since the pattern for the straight-barred 
grate is so much easier to make. The reason for its 
breaking is because the thrust of the straight parts of 
the grate is not compensated for when expansion 
takes place, and a rupture of the outer rings is the 
result. 

In this matter it would be well for the engineer to 
take pattern from the stave manufacturer, and follow 
him in this respect. No straight bars are here nsed 
in circular grates, as a rule ; or, if one has to use 
straight bars, they are short and unoonfined at one 
end, radiating in or out. 

The same principle applies to uU grates. The old- 
fashioned three-barred common grate fails by reason 
of the ends dropping off when least expected, due to 
the unequal thrust of the bars against their ends, 
quietly cracking them in the angles, where they are 
weakest. Kga, 55 and 56 show grates that will 

ack ; Figs. 67 and 58 show grates which wili not 
ick, if very sharp corner angles are avoided by 

landing them a little. 
Shaking grates have taken the place of common 
grates in nearly all styles of heating apparatus, and 
the latter part of the book the subject of grates 
be taken up again and gone into more in detail. 
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Tlie office of the safety-valve being to reUeve 
the boiler of pressure above its ordinary working 
pressure, it must be large enough to let tlie greatest 
quantity of steam ever likely to be made escape freely. 
In proportioniug safety-valves for small boilers, 
and, in fact, for most boilers, tbe size is frequently 
simply guessed at ; tbe engineer or fitter puts on a 
valve of certain size, because he is in the habit of 
doing so, or because some former employer did it, 
having in mind the while an idea that if a certain 
size pipe earned all the steam the boiler could make 
to the engine, a safety-valve very mnch smaller in area 
would answer, since it escaped into the atmosphere 
ordy — not knowing that a two-inch safety-valve blow- 
ing off at 60 pounds had an opening so small that if 
it was round he could not put his pencil through it. 

When a valve begins to blow off, the pressure 
underneath the center of disk decreases out of all 
conceptional proportions to the pressure in the boiler ; 
the decrease not being due to a diminution of the 
pressure in the boiler (as tbe steam may actually be 
increasing), but to tbe draught caused by the escape. 
The laws of the phenomenon are imperfectly under- 
stood, but the results have been conclusively con- 
fii'med by Professor Trowbridge and others; the pro- 
portional difference being greater for greater pressures. 
Professor Burg, of Vienna, found by actnal 
experiments with an apparatus constructed for the 
purpose, that a valve of 4 inches diameter raised 
from its seat when blowing off, according to the itoo 
first columns of the following table. The last two 
columns are calculated that the fitter may form an 
actual conception of the opening^a \i^ co«i^aT\a% tkam. 
to something he is perfectly acqviR.mtei. -w\fti.. 
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The first column gives the pounds per square inch ; 
the second, the actual lift in fractions of an inch ; the 
third, the actual size of openings in decimals of a 
sanare inch, when the bevel of the valve seat is 45 
degrees ; and the fourth, the internal nominal size of 
gas pipe nearest the actual opening. 

TABLE No. 2. 



1. 


2. 


3. 


4. 




Prebs. 


Lift. 


Area. 


Pipe. 




12 


-h 


.25 






20 


-A 


.187 




85 


^^ 


.166 






45 


^ 


.137 






60 


^ 


.1043 


i 




90 


ik 


.0534 


i 





The following graphic illustration has been 
made to show at a glance the size of the openings : 
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^^H Tlie large rim incloses the area of a 4-iuch disk 
^^■(12.56 square inches), aud tlie smaller oues the areas 

^™ of the openings at the different pressures. 

It can be seen from the foregoing that an increase 
of pressure lessens the size of the opening ; nor do 
the increased pressure anil flow of the steam compen- 
sate tor the decrease in the size of the opening, and 
what is required is a valve of very great diameter, or 

■ one that will open nearly its full area. 
There are many formulas for calculating the 
size of safety valves, all based on the size of the disk ; 
and, tliongh arbitrary, they may be useful, as they give 
sizes abont /our tiroes the area of ordinary practice. 

Fiurbairn allows 29 square inches for a SO-horse- 
power boiler. 

This valve is nearest to what can be purchased as a 
sis-inch valve. When we take into cousideration the 
variations in formulas for velocity of flow of steam 
through apertures, that these velocities are based on 
the efflux through round holes or conoides, that the 
lift of the circular six-iuch disk must be sufficiently 
great to allow an annular opening equal to f of a 
square inch, and perhaps as great as 1^ square inches 
for a pressure of 50 pounds above atmosphere, should 
the conclusions be correct which we draw from the ex- 
periments of Prof. Burg with a four-inch valve {vide 
Trowbridge, " Heat Engines "), we are not sure that it 
IS possible to get au opening equal to the smallest 
above mentioned. 

Eankine says : " Divide the number of pounds of 
water which enters the boiler in an hour {to supply 
the loss by evaporatiou) by 150, and the product is 
iMe area of the valve in iuclies." 
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iburiie aaja ; "Multiply the area of the piaton in 
iuolies by its velocity iu feet per iiiiiiute, aud dinde 
by 300 times the preysuits of the Htejiiu, aud the 
product ia the area of the valve iu inches." 

Another rule allows one-half a. square iucli of th^ 
dist for each square foot of grate, aud though I am o^ 
the opiuiou that the opeuiug iu valves should be pro- 
portional to the grate surface, the queatiou will arise 
why is not pressure taken into consideration, even 
assuming the half-inch of the valve area to be suffi- 
cient. But is it enough ? "With ordinary boilers it is 
common to burn 10 pounds of coal per hour n:i a 
square foot of grate, and should the coal evaporate 
ten times its own weight of water (not an impossible 
thing) there will be 100 pounds of water evaporated 
to a square foot of grate iu an hour, which will give 
a 50 H.-P, boiler about 30 square feet of grate and 15 
inches of area of valve. According to Zeuner, it will 
take 3000 pounds of steam' about an hour ami a quar- 
ter to pass through a hole with a section of one square 
inch when the pressure is 50 pouuds. No four and 
one-half inch valve of common construction (the 
nearest to 16 square inches of disk) cau give such au 
opening, and the more I consider it the more I am 
indined to repeat the words that " the ordinary 
safety-valve ia only a danger signal," 

According to an act of Congress, for steam-boats, 
etc,, boilers with stayed furnaces are to have 30 
square inches of disk area for every 500 feet of etfect- 
■Te heating surface,' and for cylindrical boilers 24 
icheB of disk for the same surface. The word effect- 
'e is here taken advantage of, aud as a rule (by ■wliB.'t. 
^^ihorjtj- Ji is diSiciilt to understand) that aV>ott\.Vvjo- 
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thirds only of all the surfaces of marine boilers is 
considered effective. Thus, if we add 250 to the 500 
mentioned, we again have what might be ualled a 50 
horse-power boiler, with 30 inches of disk or a little 
more than a six-iuch valve. The law also regulates 
the size of "lock-up" valves at two inches diameter 
of disk for 700 feet of effective surface or less ; three 
inches for 1,500 feet, four inches for 2,000 feet, five 
inches for 2,500 feet, and six inches for auy boiler 
longer. 8uch valves, of course, are not expected to 
do much more than sound an alarm. 

Rules which are baaed on the work done in an 
engine cannot be applied to boilers in apartment 
houses aud stores, iu which, though the latter have 
engines frequently, aud both have large pumps for 
hydraulic elevators, the steam used in the cylinders 
seldom represents more than oue4hird of the water 
evaporated, the remainder being for warming, cook- 
ing, washing, drying and other purposes. Again, 
rules based on evaporation, which do not take pres- 
sure into consideration, must be carefully sifted, aud 
none used that will not provide for the taking away 
of all the steam at all rajiges of pressure. Should a 
valve be foimd upon experiment to be just sufficient 
to relieve a boiler at 100 pounds of steam, the 
same valve would not do for ten pounds maximum 
pressure. 

According to the relative volume of steam, at hedf ita 
theoretical vehcity wheu flowing into the air, two square 
inches of actiial opening of valve should be ample for 
the number of cubic feet of water evaporated per 
minute at the different pressures given in the follow- 
iug table ; 



BAfETT FALVSIS. 



135 



Pressure in Boiler above 
Atmosphere. 



1 

25 

50 

100 



Cubic Feet Water Evapo- 
rated per Minute. 




Actual Size of Opening in 
Valve. 



2 square iuches 
2 *' 
2 " 
2 " 



The i cubic foot of water per minute is equivalent 
to about a 30 horse-power boiler, and the others are 
respectively 100 horse-power, 150 horse-power, and 
250 horse-power ; and two square inches is the small- 
est safe area of opening that will keep the steam 
down to the pressure in the first column. Of course, 
if we can get the theoretical velocity of flow, about 
one square inch area will do ; but there is no factor 
for safety to cover friction under the valve, in the 
escape pipes, etc. 

By a study of the above, it will be seen that if a 
boiler is of such construction that 25 pounds of steam 
is the maximum, it will require a larger valve for the 
same amount of water evaporated than a high pres- 
sure boiler, and that indiscriminate rules are not to 
be used. 

Theoretically, a safety valve will require ten times 
the area for 1 or 2 lbs. pressure that it will for 100 lbs. 
pressure. 

There has been much effort to obtain a safety valve 
which will give a large opening, and in some instances 
valves thus made have proved practically a success, 
though not in general use, since the necessity for them 
is not recognized by the public, who content themselves 
with a danger signed, where the noise it makes whervblo^- 
ingoff is all that can entitle it to the name ot ^ale\,^ n^n^. 
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Fig, 59 shows a common safety vaivc, tvith an aux- 
L-apable of pulling the 
A is au ordinary safety 
valve, put on in the 
regular way ; S, a. com- 
mon low-pressure dia- 
phragm or regulator, to 
be described later, at- ' 
tached to the end of > 
K the lever, and snitably 
fastened to- the boiler 
with the pipe connec- 
tion C, to the under side 
of the diaphragm, and 
taken from the water 
space of the boiler, for 
h'ig. 59. two reasons, — namely, 

that the water in the 
pipe may be cold, so as not to affect the rubber of 
the diaphragm. The water being steady and solid 
prevents vibrations, and gives the initial pressure 
unaffected to the underside of the rubber. Fig. (jO 
shows the same apparatus in a position when blow- 
ing off, the pressure under 
the rubber overcoming the 
weight on the lever. 

When steam begins to 
escape, it cannot affect the 
diaphragm until the pres- 
sure in the boiler falls. 
when the diaphragm sub- 
sides. 

This Bame principle can 
^applied to high preasnre aaielj M»\\e.?.\i-g ^w.\■vl'^,v. 
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diapbragiD, especially constructed, as in high pressure 
damper regulators. 

The escape pipe D, Fig. 59, of the safety valve, is 
sometimes carried dowu and under the grate by 
steam -fitters, in order that the escaping steam may 
dampen the fire, and check it by iuterferiug with 
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Fig. 6i. 
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combustion, a point worthy of cousideratiou by all 
eDgineers. 

Another arrangement for very low pressure is a 
water column, connected as iu Tig. 61. A connection, 
A, is taken from the steam apace, and carried down 
and up, tnrmmg an iaverted sipliou filled wiiV'^a.^fet. 
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Wlieii the pressure iu the boiler exceeds tlie i 
of the column of water iu the pipe, it blows it out, let 
tiug the steiim escape, which will blow uutil the steam 
s all gone, of the pipe again filled with water. 
A modification of this principle baa been con- 
I structed, by which steam can be carried to about 12 
pounds per square inch, iu buildings of ordinary 
\ lieigbt. A cylinder of any suitable construction is 
) connected tu the boiler, as shown in Fig. 62, and 
' filled with water ; the pressure of the steam through 
I the pipe a on the surface of the water iu the 
cylinder presses it up iu the pipe b ; but when the 
pressure is great enough to send the water over into 
the pipe c, the steam escapes at d. This arrangement, 
like the one before, will not stop blowing without 
manipulation, it being necessary to close the valve e, 
and open the valve f, to let the water again into the 
cylinder. 

A boiler with this arrangement on it, should also 
have a common safety valve set at a lower pressure, 
^^F to give warning, for should this start to blow off, and 
^^H be neglected, it will waste water and steam from the 
^^r boiler. The pipe a may be long, so as to have the 
I cylinder a considerable distance from the boiler ; in 

one case where it was set against it, the beat evapo- 

I rated the water from the cylinder. 
A boiler with a safety water column ou it, as de- 
scribed, should have a vacuum valve also, to prevent 
the water from being drawn into the boiler when steam 
goes down. 
Another arrangement which has been tried with 
some success, is an ordinary safety valve of large size, 
with n pipe a carried from t\ie under side of the disk 
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down into the water in tlie boiler, as shown in Fig. 
63 ; the orifice of the valve forming an annular space 
around the pipe. 

The principle of this valve is that the pipe being 
carried down into the water represents a certain area 
of the disk, which should be of scarcely any value 




Fig. 63. 



when blowing off, but by being in the water the pres- 
sure underneath is not relieved. 

Pop-safety valves with differential disks and seats 
are also used for high pressures, by which very much 
larger steam passages can be secured than with ordi- 
nary valves of the same diameter. Details of some 
safety yalvea will he given in one of the latter ^'a.^Wt^ 
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^^H tii tlie book. There are pop-safety valves on the 
^^B market thai will open and blow duwu a boiler in a few 
^^B minuteu, uot ouly letting the exoess of steam escape, 
^^H but capable of allowing all the steam the boiler is 
^^H capable of making, escape freely. 

^^H Another point of interest to a fitter is an easy 
^^H method of finding the weight necessary for a safety 
^^^ Talve, 

I I If they reason as follows they will always be able 

to find the required weight within practical limits and 
approximately correct. If the area of the valve disk 
is one square inch, it is only necessary to have a one- 
pound weight placed on the top of it (assuming itself, 
the disk, to have no weight) to lieep it closed against 
one pound per square inch of steam, and, of course, 
if the weight ia 10 pounds it will hold the disk against 
10 pounds per square inch. This is substantially 
the "low pressure safety valve" with the weight on 
a spindle on the back of the disk ; the weight of the 
disk and of the " weight " having a total effect (with- 
out leverage, of the square inches of the valve multi- 
plied by the maximum pressure to be carried. But with 
valves having levers for high pressures, wherein the 
weight mast be fixed and kept within ordinary limits 
of size, the relative position of the weight to the disk 
must be considered, and the weight of the lever also. 

The lever always represents a constant resistance 

to the valve, and should be found first. For instance, 

with a disk of one square inch, with a lever of one 

pcund, the lever being ten inches long, as shown, and 

I the distance from the valve spindle to the fulcrum one 

^^H inch, the lever will always exert the same pressure on 

^^B%&e disk as a one-pound -we\g\it -wo^A^l, '^\^c%\ t^i^tb.e 
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lever at half ita length (five inches). Thus it may be 
borne in mind that tlie lever is a weight hung on an 
imaginary lever of half its own length and exerting 
preaaure according to its weight. 

In this case, where the lever is one pound, the dis- 
tance from the fulcrum to the spindle one inch, and 
the whole leugth ten inches, the lever will exert five 
pounds on the valve without a weight. Bnt it is neces- 
sary to have a weight which is movahle, as in Fig. 64, 
and suppose we have one of one pound also. Ir we 
placed this weight now on top of tlio spindle it adds 
just one pound to the force exerted by the lever 
(5 + 1 = 6), making the total preaaure at that point 



Fig. 64. 

sii pounds ; but if we move it the same distance from 
the spindle that the fulcrum is, only in the opposite 
direction {out on the lever), it will exert two pounds 
additional to the pressure exerted by the lever and 
will exert au additional pound per inch as it is moved 
from the disk, giving for the end of the lever 15 pounds 
and for the second notch seven. 

If, instead of a one ponnd ball or weight we have 
a 2i pound ball, the pressure exerted by it will be 
the weight, 2J pounds, multiplied by the distance to 
the first notch ( 2 inches ), equal to 5 pounds plus 
5 pounds for the lever, making 10 pounds, or with 
the weight at the last notch, 2^ X 10 (= 25) -t- 5 = 3Q 
pouada. 
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From tliis we get the simple formula A X P X D 
-f- W = B, in ivhicli — 

A is tlie area of the valve tlisk in sqnare inches > 

P 13 the pressure of steatn in pounds per sqnare 
inches ; 

D is the distance between the stem of the valve 
and the fulcrum ; 

W is the weiglit of the disk, stem and lever ; 

B is the weight of the ball in pounds. 
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CHAPTER XL 

DRAFT REGULATORS. 

When the steam-heater wishes to govern any- 
thing automatically, his first thought is whether a 
diaphragm will answer, and if he can regulate what 
he wants with a rubber or light metal diaphragm, he 
will never resort to a moveable piston, knowing the 
diaphragm will work until it wears out without getting 
out of order, and that a piston must be kept in the 
nicest of order to be depended on, since it is affected 
by corrosion and dust, while the diaphragm, being 
simple and cheap in construction, and having no 
delicate parts, will respond to small differences of 
pressure and will run for many years when con- 
structed and put on by one who understands it.* 

The steam-fitter uses it to regulate the ash-pit door, 
for the admission of the proper quantity of air to the 
fire in order to govern the steam pressure; to open 
the fire-door so that cold air is admitted through the 
furnace in case the draft-door is neglected (by leaving 
a cUnker or lump of coal underneath the edge); to 
open the safety-valve, and sometimes to open a '^ break 

« 

* For high pressure, nicely fitted pistons have given excellent 
satisfaction for damper regulation. They will not do for very low 
pressureiS, however. 



w 



144 



STEAM HEATING EOB liUILDtNGa. 






draft," an opening in tlie cliimney. He also uses it 
for regnlfitiiig tlie air supply to indirect radiators, to 
govern tlie pressure of steam when expanding from 
high to low pressures in different systems, and to 
regulate water pressures. 

Fig. 65 shows a regulator of ordinary construo- 
tioD, with a bowl at the top and bottom of the dia- 
phragm, in which A is the bottom bowl, to which the , 




Fig 6s 



support and pipe are attached ; B, the upper bowl, to 
which the fulcrum and lever are attached ; 0, tho 
diaphragm ; D, the fulcrum ; E, the lever ; and W, the 
weight; the pressure under the diaphragm being tli» 
operating force. 

In coiistrueting regulators, sharp edges of the meta» 
should not be left to cut the rubber. The corners of 
the bowl at a' should be nicely rounded, and the 
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[ges around the edge should be deep, to give room 
for the bolt holes, so that they will not be too near 
the inner edge. The stantiard F should not be riveted 
to the rubber, but rounded on the bottom to lay on it; 
nor should there be holes made in the rubber for any 
purpose inside of the holes in the flanges. 

Common fiat rubber does not make a good diar- 
phragm; it should be of extra good quality, thick, 
and dished to fit the bowls; so that when inflated, 
there will be no tension on the rubber. 

Some makers leave off the upper bowl, using only 
» flange, but better practice rec[uires the use of one, 
as it is nearly impossible then for over-pressure to 
burst the rubber when supported by the iron over its 
whole extent. 

In the construction of a diaphragm for high pres- 
sure, which will not burst, it is necessary that a very 
small portion of the surface of the rubber should be 
unsupported at any time; and the movement should 
be small, requiring the use of a compound lever with 
an ordinary weight. 

Fig. G6 shows a high pressure draft regulator, with a 
compound lever, in whi<^h a very small movement of 
the disk A will give a movement of inches or so at the 
end of the lever at B, without straining the rubber in 
the least, the slackness at C forming a concentric cor- 
rugation, which admits of all the movement necessary. 
In connecting diaphragms with the boiler, it is 
best to take the pipe from the water space, as shown 
in Fig. 59, at C. But when that cannot be done, it 
may be taken from the boiler dome or any other con- 
venient place, except tapping into a pipe, which 
aiready has a. " draft" on it (rapid paaaagi ol a^fcMSi. 
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through it) for in order to prevent irregiilsritiee of 
pressure it is necessary to have the iuitial pressure 
constantly under the rubber. 

When it is necessary to take n steam pipe to & 
diaphragm, instead of a water-pipe, the pipe mast he 
trapped iu such a manner that it will fill with water, 
and the capacity of the trap niust be greater than the 
bowls of the diaphragm ; so the water that has filled 
the trap and cooled therein, when it is pressed for. 
ward, will be sufficient to more than fill the bowls, 
tlius always insuring cold water on the rubber. 
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tension, it very seldom gets holes in it, and will give 
warning by leaking, but should it be tight it will give 
away suddenly. 

When regulators are attached to ash-pit doors, 
or to extra draft-doors, set in one side of the ash-pit 
(leaving the door-proper for the removal of the ashes 
only), the chain is fastened to the end of the lever 
marked (?, Fig. 65, and to the door; care being taken 
in placing the regulator so that the chain will have a 
direct pull, and not interfere with the opening of 
other doors. When a regulator is attached to the 
fire-door, the other end of the lever should be used, 
and the regulator set a pound or so stronger than the 
draft-door regulator. 

It is not a good plan to make one regulator do both 
duties, by using each end of the lever, as the doors 
work too close together, and a waste of fuel is the 
result, by letting cold air through the furnace fre- 
quently", the intention being not to open the fire-door, 
unless as a last resort. 

85. Doors for regulators should be set at an angle 
of between 30 and 45 degrees from the perpendicular. 
When a door hangs perpendicularly with the hinges 
on the top (usual in such doors), the leverage changes 
as the door swings from the perpendicular, throwing 
a rapidly increasing weight on the diaphragm chain; 
but when the door is on a good angle the increase is 
not so rapid, and the door is positive in its action when 
closing, being hung further from its center of gravity. 

Doors should be planed to fit tightly, and hinges 
and edges should be so constructed that ashes will 
not lodge on or under them, so as to hold them open 
or prevent their free action in all direcWoiv^. 



CHAPTER XIL 

AUTOMATIC WATER FEEDERS. 

The water feeders that are attached to low- 
pressure heating boilers, are simply regulators, — they 
have no power in themselves to force water into a 
boiler, and must be used in connection with water- 
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heating, and though different makers modify the shape 
an(i the valve, the principle is the same. Fig. 67 is a 
very good representation, in which ^ is a cast-iron 
case of suitable design; B, a copper float, with buoy- 
ancy enough for the work, and sufficiently thick so 
that it will not collapse with the pressure; E, a lever 




Fig. 68. 

made ot brass, to admit of bending; F, a fulcrum, and 
G, a valve, formed with a piece of hard rubber, inserted 
in the end of the lever, in connection with the nozzle 
/f, which is usually of brass. 

Fig. 68 shows a modified form of water feeder brought 
into use some years ago, in which the float acta dAttc^^^ oKi. 
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the valve, and in which the valve is visible through 
the glass H. This is very desirable, as it allows the 
operator to observe the valve and feed-water when it 
enters, and enables him to detect either a leakage or 
a stoppage. With this valve the pressure of the 
water has a tendency to close the valve, whereas with 
that illustrated in Fig. 67 the tendency of the pressure 
is to open it and cause leakage. The pipes B C are 
the boiler connections and F P is the feed pipe. 

Copper floats in boilers under high pressure nearly 
always collapse; but for low pressure they iiave been 
constructed to stand very well, though occasionally 
they fill with water when not well made. 

Hollow copper ball floats are usually made of two 
pieces of copper liammered into hemispheres, and 
brazed together. IE they could be hammered after 
brazing, they could be made very strong, but as the 
reverse is the ease, and the heating to redness makes 
them very soft, there is nothing for the artificer to do 
but make them as thick as he can, without impairing 
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water-tight joint and not leave a partial vacuum in 
the ball, as would happen if the ball was closed in 
the fire. This vacuum forms a factor not generally 
taken into consideration, which will materially add to 
the pressure the float is subject to in a boiler. 

There is one point in the construction of water 
feeders which requires particular attention, — namely, 
the size of the hole in the nozzle, H, Fig. 67, which 
forms the valve. This hole should be small, and the 
higher the pressure of the water-works the smaller 
should be the hole. It will be seen by looking at 
the figure, that by the area of the hole in 77, the total 
pressure of the water can be made to overcome the 
force exerted by the float. A J-inch hole is usually 
sufficient to admit all the water required; but if a 
larger hole is wanted, care should be taken that the 
ball has a preponderance; otherwise the valve will 
not set firmly to its seat, and the leakage will fill the 
boiler and prove a source of annoyance. This should 
be guarded against, for though it is not dangerous, it 
is disagreeable, and many fitters prefer to leave the 
feeder off on that account, since a straw, or the least 
dirt, will make it inoperative, and flood the boiler in 
consequence. In fact, the practice of to-day is to 
omit the automatic water feeder. When a boiler is 
sufficiently large to hold a quantity of water above 
its safe-water-line that will be equal to "the amount of 
steam you require for the radiators of the building, 
the water feeder is not necessary with a gravity 
apparatus wherein all the water is returned to the 
boiler. 

When there are steam-traps to any part of the 
apparatusj which do not return all ttie ^a\)^x ^vt^^XK^ 
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into the boiler, the water feeder should be put on, un- 
less there is some one constantly in attendance to 
supply water by some other means. With a return 
gravity apparatus, it may, however, be dispensed 
with, for the operator by looking at the water once a 
day, and letting in a supply when necessary, is a bet- 
ter reliance. A positive "open and shut" feeder, 
under all circumstances, has yet to be invented. 

When a water feeder is used, the upper or 
steam pipe must not be taken as a branch from 
another pipe, such as the main steam pipe; it must 
be taken from the top of the boiler, steam header, or 
dome, and away from other large pipes. 

Special attention should be pwd to the foregoing. 
A case which came under my notice was that of a 
large horizontal boiler with a water feeder connected 
to the dome, the water pipe entering the regular feed 
pipe. The feeder had a glass on it, similar to the 
water glass on the front of boilers, and this boiler also 
was furnished with an extra water glass, connected 
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The ''dancing'' or fluctuations of the water in a 
gauged glass is sometimes caused by depression or 
"water-trap" in the upper pipe connection, or by the 
formation of steam in the lower connection. This action 
must not be confoimded with the effect of draft. The 
effect of draft is to lessen the pressure on the surface 
of the water so that the latter will show a deceptive 
level. Water will never go in the glass below its level 
in the boiler, except momentarily, caused by a pul- 
sation; whereas there is great danger of the glass 
showing a level constantly higher than in the boiler; 
when a water column with long connections is used, 
that is now so much in vogue. 



CHAPTER XIII. 
AIR VALVE ON RADIATORS. 

The usual position for an air valve on a coil or 
radiator is near the return pipe. On a vertical pipe 
or loop radiator it is n^^arly always on the last pipe or 
loop, meaning by the last the part opposite the Bteam 
inlet, though in radiators with steam and return con- 
nections on the same end it is sometimes found near 
that end, though, in my judgment, it is better to have 
it opposite and furthest from the inlet, no matter 
where the outlet may be. 

With high pressure steam the ])osition of the air 
valve is not of as nnich importance as with low prcs- 
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not run off rapiilly until the radiator 13 under the full 
pressure of the steam, when the lower end of this 
pipe will be covered with the water, causing the latter 
to rise within it by the pressure iu the radiator, aud 
ejecting it through the air-cock or valve, sometliing 
that should be avoided ou,account of the uimecessary 
annoyance, if for no other reason. 

In single chamber heaters, and heaters made of 
pipes, having free passage top and bottom, the air 
valve is often put near the top, the weight of the air 
apparently not affecting the egress. 

It is better, also, to draw the air from a single pipe 
or a loop near the top, or, at least, not too near the 
lower end of the radiator, aa the draft caused by the 
escape of the steam through a pet-cock will some- 
times raise water from the base of the radiator, so 
that the farther from the surface of the water the air 
can be in a vertical radiator the better. 

The greatest difficulty esista iu drawing the -air 
from a jl-ji coil when the return pipe does not run 
below the water lines, but permits live steam to enter 
the coil from the lower end, forcing the air toward 
the middle of the coil. Some steam-fitters put an air 
valve on a return-bend, at a point about -J- the length 
of the coil from the lower end, but the result is often 
a disappointment. The best way iu case of bos coils 
aud flat coils, is to carry their return pipes heloio tlie 
teater line and place the air valve very near the return 
end, but so arranged as it will not draw the water from 
the return pipe, which it often does if placed directly 
on the aide of the small-diameter return pipe. For 
it is better placed on the lowest return 
near the return pipe, ami any 7Jor\t. ao 'gYgaSi. V'CiV 
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not be likely to prove troubleaome iu this respect ; fi>r 
the current of the live steam is always from the steam 
to the retufQ valve within the radiator. 

The idea of the air alivaya gravitating through the 
steam, and fiuding the lowest part of a heater com 
posed of small pipes, is erroneous, unless the steiim 
is let in on top, as it usually is with flat or box coifs. 
In pipes of large diameter, air mil separate of its own 
gravity and settle down. 

In what is called the atmospheric radiator, the 
steam enters on top with an air hole or air cock near 
the bottom to let the air ont, and a drain or retom 
pipe to carry off the condensation in the bottom and 
deliver it to a tank without pressure. Steam enters 
this radiator through a very small pipe, with a. nicely 
graduated valve, which admits any desired quantity 
of steam, and which fills doionward, and permits a 
part, or the whole of the heating surface of the radi- 
ator to be used, and thus graduate the heat of the 
room by direct radiation. It may be likened to a 
balloon partially filled with gas, the gas always 
remaining in the top.* 

Air and steam mis within a beater to a certain 
extent and at certain pressures, this mixture being 
of unknown weight but always greater than that of 
steam of the same density. 

Steam at the pressure of the atmosphere, and a 
temperature of 212 Fahr., has a weight about one-half 
that of air at the pressure of the atmosphere, and a 
temperature of 34°; but when the air is increased in 
temperature about 160", or what it would iu a low 

* These heaters cannot be used in a gravity return apparntua, but an 
apparatus of ffiij Iciad will be descr\beilelaew^mev\^^tiaaU. 
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preaaiire radiator in contact with Btoam, the steam will 
then be about two-thirda tlie weight of the air. 

Air valves are various in design, but may be 
ited iuto four kiode ; tlie old-fasliioned pet- 




Fig. 69. 



cock, the compression thumb-screw valve (Fig. 69) 
and the automatic air valve, working by tlie deferen- 
tial expansion of two metals or other materials as 
shown in Figs. 70, 70n, 70ft and 71, and tlie air valve 
simiJar to the last, in which there is a float that will 
close the valve without the intervention of expansion 
should water appear. Figs. 72, 72t(, 73. 

The pet-cock needs no explanation, and may be used 
ou rough or factory work, but should not be used on 
fine or lionse work, for a plug cock will not stay tight 
on steam work, and will leak on the floors and wet 
the ceilings. 

The compression wood handle air valve is much 
iised, and is simply a small angle valve, with or with- 
out a stuffing-bos, as showu in Fig. 69. 

The automatic air valve embraces nearly as many 
designs as there are manufacturers of heating ap- 
paratus ; but the principle UHod in the same in each 
instance, viz., the difference of expansion of any two 
metals that will stand the action of steam, one fo 
which has a greater co-efficiency of expansion than 
the other. The valve really becomes a metallic ther- 
mostat, which opBT&tBB a little valve. 
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Fig. 70 sliows a simple form of tliis arrangement; 
A. beiiig a strip of cast-irou; B aud b strips of 
brass, »et agaiust shoulders on the cast-iron \ and 
C the Talve and stem passing through holes in the 
bar h, aud the cast-irou A, aud screwing into the 
other brass (ij). 

When heated above the temperature at which they 




Fig. 70. 



Fig. 700. 



are fitted, the brass expands more than the iron and 
forms a bow sh.ipe, as shown, and draws the valve to 
its seat; the dotted lines show its normal position, 
The stem, where it screws through the brass B, forms 
a regnlator, which can be adjusted with a screw 
driver, applied tQ a slot in the valve. The outside D 
mny be a piece of pipe, or a castm^, ■witb. a boss on 
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the side of it, to tap a small pipe into, bo as to 
carry the vapor awaj, if required. 

Pig. 70a is another modificatiou of tlie same prin- 
ciple. 

The ontside case is trass, the rod I irou, or some 
metal with considerably less expansion tliaa brass ; 
the rod B of brass once more, and the center or valve 
rod of the same metal as the bar I. By this means 
two brass rods move in one direction and two irou 
rods relatively in the contrary direction. This is a 
compound differential apparatus to secure the re- 
quired movement, without too great a length of tube. 

Fig. 706 shows a form in which one metal only 





Fig 71. Fio, 711;. 

(brass) may be used, the rod not being expanded as 
much as the case, lor the reason that they are out- 
side, and not in direct contact with the steam, thoiigh of 
course metals with opposite qualities are best. "When 
the case expands, it presses on the tlmrab-screw at the 
top, forming a valve, the thumb-screw foumiug an ad- 
justment. The automatic valves so far shown are old 
styles not much met with now, and obsolete. One of 
them is not a desirable feature. 

The valve shown in Fig. 71 is an automatic air valve, 
made by Jenkins Bros., of New York. It was the iirst 
valve in which a plastic composition, t\^l ■wo\AA sXi'asA 
steam ami give a iai-ge coefficiency ot ex'ps.'a&vi'a, -^^^ 
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^^^K used. It takes up a, small spai^e, being no larger than 
^^B an ordinary compression air-cock, and is suitable for a 
^^V high or low pressure steam. A is the end screwed 
^^B into the railiator, and B a regulating screw holding an 
^H expansible plug C, D being the outlet tapped to connect 
^^K with an air-pipe of the building. The phig C is of 
^H india-rubber, and other substances that have an incre- 
^H ment of expansion, its elastic end forming a close eon- 
^^H nection with the seat A. 

^^B rig. 71a is a more modern modification of this type 
^^K of valve, in which the vulcanized rubber is tipped with 
^^1 a rotary adjustable metal piece, to prevent adhesion 
^^H to the seat. It is known as the Monash No. 3. 




^^^I*' 



Kg. 73. 

Fig. 72 shows the Vau Auken valve. It is a float 
ralve to guard agaiust water and has the expansion 
principle to close with heat. The rod A is of rubber 
and other substances, the expansion of which closes 
the valve V. Should the raLliator be partially closed 

iJje circulation of steam Ajaiaui-'watuT ?i\\ tW radi- 
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ator, it will pass into the chamber and lift the inverted 
open float B, thus closing the valve against the escape 
of water. A tube C is used to secure a communica- 
tion between the top of the air valve and the pipe of 
the radiator, so water cannot be held in the case by 
the formation of a vacuum. 

Fig. 72a (the Onderdonk) is in many respects simi- 
lar to the foregoing. The movement of the valve due 
to heat however, is secured by the change of shape in 
the loop-shaped spring A. It is composed of two 
metals, the one with the greater difference of expan- 
sion being on the inside. The regulation of the valve 
V is secured by the movement of the screw seat S. 

Fig. 73 is another modification of the float valve. 
The differential spring pinches on the cone and forces 
the valve to its seat. The crooked syphon pipe also 
assists the water to run from the case into the radiator. 

Fig. 73a shows the most recent and probably the 
most reliable expansion air valve on the market. It 
is known as the No. 5 Self-cleaning Monash Air Valve. 
It can be used for a vacuum system and can be adjusted 
without disconnecting the coupling under the valve, a 
matter of great importance when there are many radi- 
ators to be looked after. 

It will be noted in the illustration^ Fig. 73a, that the 
different parts of the valve are referred to by figures. 
1 is a cap which must be removed in order to adjust 
the air valve. This cap is provided with a left-hand 
thread and with a hard composition seat, shown 
at 2. The hard rubber stalk, marked 5, which by 
expansion and contraction opens or closes the air 
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valve, is rigidly attached to the brass piece at 
top. The valve can therefore be adjusted by screw 
ing the brass piece up or down in the thread mai'ked 
.^. The air valve is connected to the ratUator 



: the ^ 
?rew- I 




Fig. 730. 

through the opening marked 4, and it will be no'fl 
that even when the air valve is closed, steam 
from the radiator may still surround the hard rubber 
stalk. In some forms of air valves the steam ig cut 
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off from the hard rubber stalk as soon as the valve 
closes by expansion, but here the entire "stalk" is 
subject to the temperature of the fluid within the 
radiator. This valve is called self-cleaning, since the 
valve seat is at the bottom and the tendency will be 
to wash dirt, etc., into the air line to which the air 
valve is connected. The union connection for attach- 
ment to the air line is marked 6 and 7. 



CHAPTER XIV. 

STEAM PIPE, SIZE, AREA, EXPANSION, ETC. 

These are two kinds of wroURht-iron steam aX*^ 
gas pipe — namely, lap-welded and butt-welded. 

There is no lap-welded pipe smaller than IJ inebi 
thongh bntt-welded pipe is made of all sizes, except- 
iBf^ those of very large diameter. 

Lap-welded pipe is considered the heat, although 
for sizes smaller than two inches there is little differ- 
ence. The butt-welded pipe is the most uniform iai 
size, though it is apt to open in the seam by twistinf^. 

All the pipe and all fittings made in the United States 
and Canada are sapposed to be of standard dimeu- 
sions, so that the whole will be interchangeable.* 

Occasionally in old buildings pipe is found which 
is known as "old gauge," which is somewhat larger 
than the pipe now in use. 

The size of pipe is standard, but the standard 
is arbitrary ; the inside diameter being nearest the 
nominal size of the pipe, which it always somewhat 
exceeds. Small sizes are more disproportion ed (as can 
be seen by reference to the table of " Standard Dimen- 
sious of Wrought-iron Pipe," or to the diagram of 
sizes of pipe). 

The threads on the ends of pipes should taper 
about ^ of an inch for an inch in length of thread, 

* This is not absolulely so, but they are near cnougli for ordinaiy work, 
and with adjustable dies the fitter finds little trouble in correcling small 
errors of gauge. A committee of the Society of Mechanical Engineers of 
which 1 was a member, have secured the adoption of (be Biggs Standard 
for pipe and fitting threads since the above wa5 first written, and it is 
hoped that hercEfter the threads famished by the trade will be absolutely 
interchangeable, the Pratt & Whitney Co. of Hartford, having com- 
Bienced thepiepaialionof the 
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RELATTVE AEEA8 OF PTPE 
The youiig steam-fitter baa not always a. Jnet 
ttweepiioa of bow the size of one \ii^e compares vitb 



l-L 



^^p STEAM PIPE, SIZE. AHEA, EXPAN8I0K, ETC. 167 

I tLat of another, not kuowiug how rapidly the area of 
I a P^P^ increasea with an increiiBe oE diameter. 

When the diameter of a pipe is douUed, the area has 
increased foiirfold, and if one pipe has one-fourth 
the diameter of another, it has but one-sixteenth of 
its area. Thus the area of the cross sections of 
circular pipes are to each otlier as the squares of 
J their diameteri^. 
^^^Aa circles and squares always bear the same rela- 
^^^Kb proportions to each other, and as either can he 
^^Rened to the cross section of a pipe, the begi/infr can 
W alvays find the number of times the area one i^ipe will 
I divide with another, by making another, by making 
u square, a', Fig. 75, and calling the side of it the 
diameter of the smallest pipe ; then around the smaller 
square construct a larger one, the side of it being the 
diameter of the larger pipe, with the corner 6 form- 
ing a common corner for both squares. Thus if the 

i. J. ^.„ square «' repreaeuta a 1-iiich 

pipe, and you draw around it a 

square 3^ inches on the side, 

] and lay the larger square off 

— -j into squares of the size of the 

I smaller one, as shown, the num- ■ 
— I her of the whole squares and 
the sum of the parts of the 
square within the larger square 
ia the number of timea a l-inch pipe will go into a 
Scinch pipe. 

It will be seen there are nine whole squares, six 
half squares, and one quarter square, which equals 
12i squares ; the number of times a. 1-iuch pipe will 
go into a Scinch pipe. 
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To prove the above according to the rule — " Pip^- 
are to each other as the squares of their diametere, ' 
square the smaller pipe for a divisor, and the larg^ : 
pipe for a dividend, and the quotient will be tt>-« 
number of times. 

Example : 



I0l3.a5(18.35-Aiii. 
Ex. — To find how many times a f-inch pipe will go 
into a 2-iuch pipe. 



The following table has beeu calculated for the 

use of the steam and gas-fitter, and shows how many 
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When lentfths aud pressures are equal, the diaeh 
or quantities of steam, water or air that pipes 
pass will ba the ratio of the square root of the 
power of their diameters. For instance, in the 
lowing table the upper lines represents diamete 
pipe, and the second line quantities of stean^ : 



Diameter .... 


1' 


2" 1 8" 


4" 


5' 


6" 


T' 


QuaotUy 


1 


5.65 


15.6 


33.0 


5i5.9 


88.3 


12D.6 


DidincCer 


a- 

343. 


10" 


11" 


ir 




Qu»niily..... 


318. 


401. 


498. 









Conversely to the above, the diaiaetera of pipes 
equal lengths and pressurea, will be directly as the 
root of the square of their diameters. 

To use the table of the relative areas of pipe. — ] 
the size of the smaller pipe, in the left-hand ooli{ 
and follow it to the right, until it is under the sis 
the larger pil^e, or vice vema; the number thus fc 
is the fhiies the small pipe will go into the large I 
The accompanying diagram. Fig. 76, also ii 
trates graphically and almost at a glance, the reh 
proportions of pipes, from one inch to twelve in 
in diameter; the column of figures being the di 
ters of the pipes in inches. 

The 1-inch pipe is represented by one triangle 
triangle immediately opposite the figure. 

The 2-inch pipe is represented by four triaof 
the three immediately opposite the figure and the 
above it. 

The 3-inch pipe is represented by nine triani 
the five immediately opposite, and all above it i 
ao on to the end. 
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The sum of the triangles immediately opposite the 
size of a pipe, aud all the triangles above it. gives the 
square of the diameter in inches. 

The Dumber of triangles immediately opposite the 
size of a pipe, gives the increase in units of size (the 
unit being the area of a l-iocb pipe* over the pipe 
uext smaller thaii it ; and the number of triangles, 




Opposite the size of a pipe, with all above it, as far 
at the size of any other pipe, gives tlie increase 
on unite for the dift'ereuce between the two sizes. 

It will also be seen that the increase ot the area nf 
pipes, for each inch of increase of diameter, is an 
arithmetical progression, whose common difference 
two, the Srst term being one. 



e i^^_ 



These simple metliods may be tiresome to the ad- 

[ vanced student, but the writer knows from contact 

f with the workiugman for 25 ye&rs that a subject^u^ 

not be made too simple. ^^^| 
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In running pipe for any purpose, special atten- 
tion must be given to its expauaiou or contraction, 
for nearly all leaks which occur after work is com- 
pleted and tight, if not due to defectire material, ate 
caused by expansion or contraction, which has not 

■ been provided for. 
When a main pipe is run close to a wall, and 
branches taken through holes in the wall, the holes 
being just sufGcient for the branches to pass, the latter 
break o£F, when heated. If main pipes run some dis- 
tance from the wall, the branches being uncoufiued 
near the main, even though confined near their farther 
ends, the spring of the pipe, especially if it is of small 
diameter, will admit of the expansion or contraction 
of the main in the direction of its own length without 
rupture. But the branches should not be confined in 
the direction of their length, or they will shove the 
main out of line, and should another branch start, 
directly opposite to a branch so confined, the Tee will 
either be pushed out of position or cross brokeu. 

Main pipes, to look well, must be straight and 
should be hung so they will expand in the direction 
of their length, avoiding all the side motion possible 
and throwing the expansion of the branches in the 
direction of their own lengths. 

kLong mains should never be run very close to a wall 
p wbieh risers go ; for the tiseta admit of very little 
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lateral movement, and all the linear expansion of the 
muin vill "be thrown on the riser-conneotiou in the 
form of torsion. 

"When a main m turned with its branch Tees looking 
up, a nipple and elbow can be screwed into the Tee, 
so as to get any desired angle in rnnning to the wall 
01* elsewhere. This nipple and elbow, with the pipe 
from the elbow, will admit of more torsion than a 
straight pipe, and in extreme cases the threads ot the 
nipple will turn a little and prevent anything from 
breaking. 

Special attention should be given to pipes laid be- 
t^veen floors, or when they have to cut into floor joists 
or beams. They must not be confined at their ends, 
and their branches for 3 or 4 feet from where they 
leave a Tee, and should have room enough to allow for 
the greatest possible difi'erence of length or change of 
position in the rising line. 

It is common for steam-fitters to run their re- 
turn pipes around cellars and basements before the 
Concreting is done, and to allow them to be buried 
Mid cemented into this mass, which becomes as one 
^'one, and for a time (when they do not give out upon 
the first turning on ot steam,) must actually over- 
^'oine the elasticity of the iron. But the pipe more fre- 
inently breaks or leaks, either by shoving through 
^^ threads of the fittings, or else pulling them apart, 
**' the branches break off by having a large pipe, 
*hich may not be confined at one end, forced past 
them. 

There is tiuother reason why pipes shuld not 
°^ buried in floors, — namely, liine with moisture de- 
liToj/a Hem rapidly, "n^oik so hid tiom o\ia6f^8A.vi"a.^a 
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the first to give out If connections around boiler^'*' 
pumps and the like, were kept above the floor, th^^l 
would probably outlast tlie boiler. 

When hot water or steam has to be carrie- ^ 
under ground, it must be couvejed in wrought-iro;^ ' 
pipe, with screwed joints, or cast-iron pipe, witfc-l 
fiauged joints. Hub and spigot pipes with leade^^ 
joints are not suitable, for it is impossible to kee^g^ 
tliein tight when subjected to much difference of ten^:= 
perature, as the lead expands in a different ratio frorg-^ 
the iron, and takes a permanent set with compar^^^ 
tivelj little pressure. 

Cast-iron gas or water pipes, put down in th^^i 
streets, with leaded joints, it is said, will compensa^fc;e 
in the joints by slipping ; the difference on a twelv -^- 
foot length being about the -^ of an inch for a diffe^^- 
ence in temperature of 20 degrees. 

There is another explanation of this matter, whic^ii 
ia probably the true one. It ia that the pipe, beisilag 
firmly held to the ground, itH whole length is actuaUv 
compressed equally at all ptirtd of its length, thesairue 
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very liable to make mischief. Au eight-foot turn, on 
a 2-iBch pipe 100 feet loDg, will compensate for any 
clifference of temperature that may take place, with 
i^rdinary ranges of pressure ; but on a 4:-iuch pipe it 
Would in all probability break, assuming that the long 
A'un of pipe is prevented from springing side wise. 

Sometimes in running pipe through long, straight 
passages, if the passages have a width of about 6 feet, 
by frequently crossing from side to side we obtain a 
beneficial result ; especially if it is a return pipe. The 
objection to this method for a steam pipe is the great 




Fig. 77. 

number of turns which would be required for a pipe 
larger than 2 inches ; but when passages make one or 
two right angle turns, nothing can be better if the pipe 
is hung and has not to pull or push its own weight 
over rough surfaces, the length of 2)ipe each way from 
the elbow not being sensible of any considerable 
bending. 

When several boilers are connected together 
between their domes or ends, the connections should 
not be run *' short across " from dome to dome. The 
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ipes should be run back or forward from the domes 

to 6 feet, and then connected across. 
The reason of this is plaiu, when we consider 
that the settling of the brickwurk or the expansion 
of the pipes will suffice to throw the weight of the 
boilers on rigid connectiom. For the same reasons 
pipes passing through the brickwork of boilers should 
not rest in the walls, but hare large holes, covered 
with loose flanges, around the pipes. 

T"igs. 77 and 78 show plans of boiler connections, 
the first when using expansion joints, and the lattec 







when the expansion is provided by spring, the 
being the most permanent way when properly done. 

By reference to the figures it will also be seen that 
a slip joint only provides for a linear contraction 
or expansion, or a twisting motion, and does not com- 
pensate for a difference in level. 

Fig, 7Sa shows a view of some high pressure boiler 
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connections in a modem power-house, where bent pipes 
are used 'to provide for expansion. 

Fig. 79 shows distant rigid objects connected by a- 
pipe, in which the expansion is provided for by the 
use of spring bends. 

The expanding power of a 2-inch pipe, when heated 




Fig. 79- 
to the temperature of lOO pounds of steam, exerts a ' 




STEAM PIPE, SIZE, AREA, EXPANSION, ETC, 179 

is heated and divided by 150,000, will give tlie expan- 
sion for that difference in temperature in inches, or 
fractions of an inch. 

Example. — Find what the length of a one hundred 
feet of pipe will be, when heated to the temperature of 
100 pounds of steam, its initial temperature being zero. 

ft. in. in. temp. 

Thus, 100 X 12 = 1200 X 328° = 405600 ~ 150000 = 
2.70 inches. (See table.) 



A TABLE OF LINEAR EXPANSION, OF WROUGHT AND 
CAST IRON PIPES (TO WITHIN THE jU OF AN INCH), 
/OR EACH 100 FEET IN LENGTH, AT TEMPERA- 
TURES AND PRESSURES MOST FREQUENTLY RE- 
QUIRED BY THE STEAM-FITTER.* 

WROUGHT IRON. 



Temperature of 

the Air, when the 

pipe is fitted. 


Length of 


Length of pipe when heated to 


pipe when 
fitted. 


215° or 1 lb. 
of steam. 


265° or 25 lbs. 
of steam. 


297° or 50 lbs. 
of steam. 


8380 or 100 
lbs. of steam. 


Degrees, Fahr. 


Feet. 


Feet. Ins. 


Feet. Ins. 


Feet. Ins. 


Feet. Ins. 



83 
64 


100 
100 
100 


100 1.73 
100 1.47 
100 1.21 


100 2.12 
100 1.78 
100 1.61 


100 2.31 
100 2.12 
100 1.86 


100 2.70 
100 2.45 
100 2.19 



OAST IRON. 




82 
64 


100 
100 
100 


100 1.59 
100 1.36 
100 1.12 


100 1.96 
100 1.65 
100 1.43 


100 2.20 
100 1.96 
100 1.73 


100 2.50 
100 2.27 
100 2.00 



* Calculated for Regnault's temperatures and Lavoisier and Laplace's 
difference of expansion. 

Rolled wrouglit-iron expands tlie 150000tli part of its 
length to each degree Fahrenheit it is warmed, and 



180 



STEAM HEATISG FOR BUILDINGS. 



sott irons aud forgings expand slightly more, whereas 
steel as a general tbiDg expands Bomewbat less. For 
all practical purposes, such as the architect or the 
steam-fitter have to deal with in heating, steel and 
iron may be assumed to expand substantially the 
same, varying slightly with the conditions of its hard- 
oesK, etc. 





SIZE OF MAIN PIPES FOR LOW PRESSURE STEAM HEATING 
APPARATUS. AND WHV SUCH SIZES ARE NECESSARY. 

No gravity heating apparatus is perfect imlesa 
it heats thoroughly at all preeaures ; unless the water 
of condeDsation runs back and into the boiler at all 
pressures; unless it is noiseless uuder all ordinary 
conditious, so that the duty of the person in charge 
is simply to take care of the fires and see there is 
always sufficient water in the boilers. 

The fitter iu all probability knows that a gravity 
apparatus requires larger pipes than any other system, 
and thus he can take it for granted the size of piping 
sufficient for a gravity apparatus will be enough for 
any other description of work. 

As this pipe is principally devoted to the heating of 
buildings and blocks, which have their own boilers, 
situated either in the buildings or near to them, the 
rule mentioned hereafter in intended for determiuing 
the size of niaiu pipes for gravity apparatus for all 
ranges of pressure, or wherfi pressure is required 
throughout an apparatus that is nearly an initial pre.s- 
Hure — that is, a pressure the same asm&mV\i6\»aCiKt 
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I, at tlie 1 
itomatic 



I 

^^B to within, eaj, i ponud, or at most 1 poaud, 
^^V remotest part of the apparatns, — as with au automatic 
^^H direct rettiru 8teain-tra.p job or an exhaust steam job. 
^^H "With high pressure steam, which is allowed tn 

^^f expand through a buildiug and eveutnallj escape 
I through atmospheric traps or tanks, a very much 

smaller piping will do ; but the waste of heat is some- 
times very great with traps which discharge iuto an 
open tank or to atmosphere. The liifference in favor 
of a gravity apparatus, or an apparatus working 
properly, with direct return traps or pump -governing 
system, can always be estimated at 15 per cent, over 
apparatus which permits the water to escape and thus 
loses it, with the heat it contains ; and when traps 
neglected (which is the rule) it may reach 30 per cent 
of all the " 

^^ This is not an assertion in the interest of direct 

^^L t'eturn, or one which cannot be verified, as the folloT- 
^^H ing will sho 

^B When water is returned to the boiler at a tempera^ 

tare of 180° (the ordinary temperature of water from 
gravity apparatus), it requires 1,000 lieat units to make 
^H one pound of it a pound of steam, and in coudensadon 
^^k to water again, and returning it to the boiler at 180°, 
^^H it loses just 1,000 heat units ; which have all been 
^^B utilized within the building. Thus every unitof hea^ 
^^H added to the water, has been realized, and it repre- 
^^V Bsnts the maadrnttm economy possiUe in steam heatinffi 
^^ the power required to put the water back being at 
minimum — i. e., gravity. In the case of an apparatiu 
that wastes its return water, and has to pump watel 
I the waterworks at a tfeia-^6\atu.r6 of 40°, it luutt 



m 



\d to every pound ol watet coii.'>iBtH,fe'i.to«i'Wi^'ffl.,'> 
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units, aud gets only 1,000 from it, when tbe water ia 
cooled, to 180° (a yery low temperature, by tlie way, 
for orilinary traps to expel water at). Tlius, for every 
1,140 units adiled to tlie water, 140 are lost, or over 
12i per cent. Wheu tlie pressure in the radiator is 
40 pounds anil the water passea the trap at a tern- 
perature correspoudiiig to that pressure (285° Tahr.), 
more heat is allowed to waste, as there are 1,140 units 
required to raise fresh water at a temperature of 40' 
to steam at 40 pounds, aud only 902, utilized in cooling 
to 285°, the temperature of water at 40 pouuda, which 
leaves 245 units unaccounted for, or a loss of more 
than 21i per cent. ; and this does not take into con- 
sideration the heat lost in pumping water into the 
boiler. 

The power necessary to pump water into a 
boiler is a little over ^ of 1 per cent, of all the power 
obtained from the steam, aud for common pumps it 
should be placed at not less than 1 per cent, of all the 
steam. In fewer and plainer words, I per cent, of the 
steam furnished by the boiler is a fair allowance to be 
chargeable to putting the water into the boiler again, 
when it has to be done by a steam pump. 

If the water from traps, discharging at 4fl 
poaadapreasure, issavedinoue tank, aud pumped into 
tbe boiler again, then the condensed watei', after being 
received into the tauk, will have a temperature of 
about 200°. But it will be said the water escaping 
from a trap at 40 pounds pressure Lad a temperature 
of 285", hence the water will be received at that tem- 
l>erature if tlie tank is kept under pressure ; aud this 
is true of tlie modern pump and governor metVvod. ol 
i-Btaroing condensed steam. But wlierei it Va -ci-etift^r 

^ 
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sarj to have a tank open to the atmosphere (with 
either an overflow^ipe or a. vapor pipe) to receive the 

water, and as water at a pressure of the atmosphere 
cauDot have a temperature above 212°, the difference 
will escape in vapor, or low pressure steam, through 
the vapor pipe ; and if we have a tight tank without 
traps, we must have as large pipes, or nearlj as large 
pipes, to get water to gravitate to the tank as are 
required for hoiler gravitation ; so that when the 
difference in a cellar or basement will permit, it is 

Ibetttjr to put the water of condensation directly into 
the boiler than to trap or piimp it. But to return. 
The temperature of the water in the open tank we will 
take at 200, aud to raise a pound of it to steam will 
require 979 uuits, and ouly 894 units of it will be 
realized in cooling, if it passes the trap at a tempera- 
ture corresponding by gettiug into a condition fit to 
remain in the tank — this is over 8J- per cent., to which 
add 1 per cent, for pumpin;^ the water back, and the 
snm will equal 9J per cent ; but should the water be 
lost each time and fresh cold water be supplied, it will 
equal 21J per cent. 
Thus it will be seen, it is poor economy to use 
small pipes and resort to tanks, traps, pumps and 
other contrivances, to get water back, when the price 
^^H of a steam pump expended on larger pipe is frequently 
^^H BufHcient to get the water back, aud obtain an eff'ect, 
^^V which so far as the heating surface is concerned, will 
give the maximum duty, and do away with one source 
of continual expense, as well as the loss of heat occa- 
sioned by such irregular means. Twenty-five or thirty 
^^^^^eara ago it was excusable, in some, because it was not 
^^^^ fen generally known ttat ^>Jate■c c.oT3\3k.\>ft x%^.-a.Ttiaii a< , 
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oH pressures ; but now it is unpardonable, when the 
circumstances of the case, position of building, etc., 
will admit of doing better. Furthermore, it should 
be the duty of the architect to provide, if possible, for 
direct return in the general planning of buildings, at 
least for direct heating, when there is little or no ex- 
haust steam to be taken care of, such as in public 
institutions and private residences, particularly the 
latter. Since the use of exhaust steam has become 
general in the big office buildings of the country it 
has become necessary to pump and return condensed 
water by mechanical means. It was the custom some 
years ago to take steam from the boilers to run the ele- 
vator pumps and other engines of the building, and 
waste the exhaust steam and take live steam for the 
heating apparatus from the same boiler, though by 
another pipe. This, however, is now all changed in 
this class of buildings. New York City buildings, and 
big buildings throughout the country to-daj^ use much 
more steam for their elevator service and electric light 
service than can be condensed in the heating ap- 
paratus, and no designer or engineer with any regard 
for his reputation will now waste the exhaust steam^ 
but will turn it into the heating apparatus and con. 
dense it as far as it will go, often having to waste a 
considerable quantity of it through the exhaust pipe, 
not being able to condense it all ; though sometimes 
having to add a little live steam to make up a de- 
ficiency when the exhaust is not sufficient. Appa- 
ratus of this kind, of course, cannot be on the grav- 
ity system, though usually the size of the pipes given 
for gravity work seem to suit this class of work better 
than any other, for the reason tliat ttie ^x^^^xxx^^ <A 
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steam are so small tliat it will require pipes equally 
as large as for gravity work, tliough perhaps not al- 
ways run ill the same manner. 

The Exliaust System of Steam Heating will be 
treated of more fully in a later chapter. 

The conditions first cited, however, are often found 
in factories and country wortshops where the heating 
pipe is taken from the boiler that makes steam for the 
engine and carried to heat tlie factory or office. The 
condensed water and discharge from the traps is often 
found running into the sewers or drains of the build- 
ing, or into a creek if one is near by ; but the waste 
from the loss of the water, etc., does not stop here. 
It will be found occasionally there are no traps on 
the pipe, the whole thing being controlled by a valve, 
thongh more frequently it will be found that the traps 
are inoperative and allowed to waste the best way 
they can, in which case there is often more steam 
going to waste than is required for warming that part 
of the building. We are, however, going away from 
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trary unit, such as to allow the size of a f-inch pipe 
to each radiator ; a half a square inch in the cross sec- 
tion of the horizontal main to each 100 square feet of 
heating surface or to each radiator ; and the area of a 
one-inch pipe to each 100 square feet of heating surface. 
The latter I early adopted as a rough rule for my work- 
men, the only one that in my experience was ample. 

This rule also compares very nearly with deduc- 
tions made from the steam pipes of certain buildings 
throughout the country which are considered repre- 
tative pieces of work, and have proved themselves 
ample when the greatest cold prevailed. 

Thus, the area of a one-inch steam pipe, 0.7854 
of a square inch, may be taken as the unit ; and it 
serves very well, as by simply squaring the diameter of 
a pipe in inches, you have the number of 1-inch pipes, 
or units, or hundreds of square feet, of pipe or plate 
surface, the main pipe will surely supply steam if 
the pipes are not of too great a length. Thus a 3-inch 
pipe will supply steam for 900 square feet of heating 
surface, when subjected to the greatest condensation 
possible within buildings, and still not raise the water 
line in the pipes to any appreciable extent. 

It happens that the area of a one-inch pipe (0.7854 
of a square inch ) makes a very satisfactory unit. 
The diameter of a steam pipe always increases di- 
rectly as the square root of the heating surface, 
and according to the arbitrary unit here adopted, the 
diameter of the pipe in inches, will be exactly one-tenth of 
the square root of the heating surface, in feet. Thus, 
when you find your heatiug surface, extract its square 
root, in feet, and call one- tenth of it the diameter 
of the main, in inches. 
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^^V This is ou tile ussuniptioQ that tl: 

^^V crease iti length in a certain proportion to tlieir diam- 

H St 

H " 



eters. Por instance, ftusmning tlie 2-incli pipe to be 
not over 5n feet in lengtli, tlie 2^ about 75 feet long, 
3-iiieh 100 feet, Ji 4-inch pipe about 150 feet, a 5-iucb 
pipe about 200 feet, and each successive size about 
lOO feet longer tliaii the one that jn-ecodeil it. 
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These are about the couditious found iu long, low 
buildings, such as insane asylums, hospitals, depots, 
etc., and the accompaujiug diagram, Tig. 80, may be 
used without much error for such buildings. It illus- 
trates the subject at a glance, and gives the size of main 
pipes for surfaces, from 100 to 10,000 square feet, i 
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^'^Q ordinates of the curve, A B, gives diameters 
coneeponding to the square feet of heating surface in 
thecoluiuii marked AB. 

The ordiuates of the curve CD bear the same rela. 
tinn to the column CZ) as the curve A B bears to th« 
colamn A B, and shows the size of pipe for heating 
surfaces from 1,000 to 10,000 square feet 

It will be seen that 1,000 at the bead of the column 
AB corresponds to 1,000 at the bottom of the column 
f'D, the ordiuates of both curves agree near the 
3-iDch pipe. 

Example. — Required the size pipe, for 600 square 
feet of heating surface. Mud 600 in the column, and 
follow the horizontal line to where it crosses the curve 
AB ; then follow the nearest perpendicular line to 
the nearest size of standard pipe above, the line, in case 
it should not come exactly on a standard size ; in this 
(^aae it is a little below Scinch pipe, which size should 
be taken. 

Pipe of less than 1^ inches diameter should not be 
Used horizontally in a main, unless for a single radia- 
tor connection. 

All this, of course, is an empirical rule founded on 
good practice. The rule, however, is closely correct 
for practical conditions, and tor all sizes of pipes up 
to about six inches in diameter is not likely to give 
results much greater than claimed for it. In practice 
Jg small mains, say smaller than three inches or when 
they appear to be slightly longer than usual, I geuer- 
lUy take the next size larger pipe than will be given 
by this rule, and I look on the rule aa furnishing 
Jiat are just ample for gravity work witiiout beioj 
u the least unnecessarily large. 
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This rule may be used to iletermiiie tlie size o' 
tlie steam pipe in radiator coDQections by increasi^'j 
the pipes one size, to give tliem a practical magnitude, 
to overcome loss by shoit turns, etc. Main pipe« 
sliould uot decrease in size, according to tlie areu uI 
their branclies, but should be proportioned at their 
various stages by the same rule a& for determining tbe 
size of the main the first time. The same is true of 
the large brauchea. Find surface they have to supply 
steam for, and proportion them as jou would a main 
close to the boiler ; figuring their own surface as radi- 
ating surface unless they are to be covered. "Wheu 
the mains and distrilHiting pipes are to be covered 
with some good nonconducting material, their surface 
need not be figured as against their size, but when 
they are excessively long, or exposed in cold placeB, 
their surface should be considered. 

Of course it is uot necessary to use main pipes of 
as great a diameter as given above, if the mains and 
coils are very much above the boiler ; but for cellars 
or basements 10 feet, or under, in height, it will not 
be found too large or wasteful. Discretion also can be 
used in the use of this rule, wheu pipes run 4 inchpi 
or over, as 2,000 to 2,500 feet of direct heating surfact 
may be taken from a 4-inch pipe under favorable cir- 
cumstances, provided its branches follow the rule 
closely. A 6-iuch pipe will be ample for 5,000 feet of 
surface under good conditions, high basements, and 
10-inch for 16,000, if not too long, or rather, if short, 
and such as are found in city buildings that are liigh 
but on a small ground area. 

For pipes of equal short lengths the increase of 
iametera would be in the V!i.tioi4 of the fifth root of 
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the sqaare of the radiating surface, as mentioned be- 
fore, which would call for about a 2J-inch pipe for 
1,000 feet of surface, a 4-inch pipe for 3,000 square 
feet, a 5-inch pipe for 5,500 square feet, and a 6-inch 
pipe for 8,700 square feet ; and this will be ample for 
short lengths of straight pipe without elbows, but not 
for the ordinary ramification of pipes of a building. 
The line EE shows diameters for constant lengths. 

Between the lines E E and CD of the diagram 
are to be found the true conditions for high buildings 
with short mains, such as are to be found in New 
York and other large cities. 

If the line EEis used, add at least one inch to the 
diameter of the pipes to overcome the resistance caused 
by the short turns of valves and elbows. Then, as the 
buildings decrease in height and increase in horizon- 
tal area, go nearer to the line CD. 

These sizes will do for either exhaust steam work 
or gravity work under fair conditions. 



CHAPTER XVL 

STEAM. 



TEMl^JtiTCltES of steam, a^cordiag to the ,dif- 
fereat formalas, all agree at the atmospheric pres- 
sure, bnt as the pressures become high, they vary 
slightly: Begnault aud Kankine are nearly alike, 
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usually expressed iu Etiglisli au<] Ainerican books in 
degrees of Fahreuiieit's scale. The heat of steam as 
distingiiisheJ from the heaf in steam. 

Pressure — Is the force of steam, usually expressed 
in pouuds per square iuch, and called "elastic force," 
"expansive force)" " teusiou," aud "elasticity," etc. 
are synonyms. 

Density. — The weight of a cubic foot of steam com- 
pared to a cubic foot of wat«r. Syn. — The weight of 
water necessary to form the steam. 

Maximum density 0/ steam. — The density of steam 
when it is neither superheated nor laden with parti- 
cles of water mechanically. Syus. — Steam at its max- 
imum density is called dry saturated steam or dry 
steam. 

Superheated steam. — Steam expanded by heat, or 
under an increased pressure, due to an iucrease of 
heat, without the addition uf water. The steam is, of 
course, dry beyond the point of maximum density. 

Wet steam. — That containing water carried by force 
of ebullition, and held iu the steam by the rapidity 
of evolution, when the steani apace of a boiler is not 
large enough. 

Foaming. — A condition differing from wet or satn- 
rated steam, by having an excess of some foreign 
substance iu the water, causing it to foam and seem 
lathery, and which appears to give tlie water in the 
boiler a bulk above what would be due to the pres- 
sure, by retarding the proper separation of the steam 
and raising the whole mass of water into a froth. 
Syns. — Priming ; drawing water. 
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This coaditioQ differs from " priming." Priming ia 
generall}' a mechanical effect, while foaming is the 
resulta of foreign substances in the water. Foaming 
and priming are often confounded. To prove whether 
the boiler is foaming or priming it is only necessart 
to shut the main valve on the boiler tightly for a 
moment, when, if the boiler is foaming, there will be 
no change of level in the water glass, whereas if the 
boiler is priming through a mechanical effect, the 
water will at once seek its proper level and remain 
constant until the valve is again opened. Foaming 
may oause priming by sending water out of the boiler 
through the steam pipes; in other words, priming 
may take place with dirty water when it will not take 
place with clean water. Priming and foaming may 
occur together. 

Volume. — The apace occupied by a given qnautity 
of water, should the water be converted into steam. 
The rdative volume of steam decreases as the pressure 
increases. Syns. — Relative volume ; bulk for bulk. 
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csury, and temperatures in degrees Fahrenheit (to with- 
i n one-half degree), accordiiig to Kegnault, the volume 
V)eiug calculated. 







TABLE NO. 


5. 




ELASTIC FORCE, TEMPERATURE AND VOLUME OP STEAM. 


ei!a8TIc force. 




RELATIVB VOLUME 








Temperature 
of Steam 




Averaj^re Rise of 


g M 






Temperature 


Pressure of 

Steam in \h». 

per Square 

Inch. 


Absolute 

Pressure in 

Inches of Mer- 


corresponding 
to its Press- 
ure. 


Vol Of Steam 

compared to Vol. 

of Water. 


for one lb. 
Pressure for 
each 10 lbs. 


cury. 











30.0 


212.0 


1710.0 


• 


1 


32.03 


215.5 


1612.0 




2 


34.07 


219.0 


1523.0 




3 


36.11 


222.0 


1442.0 




4 


38.15 


225.0 


1372.0 




5 


40.18 


227.5 


1312.0 


-2.8 


6 


42.22 


230.0 


1248 




7 


44.27 


232.5 


1194.0 




8 


46.30 


235.0 


1168.0 




9 


48.33 


237.5 


1103.0 




10 


50.37 


240.0 


1061.0 


* 


11 


• • • 


242.0 


• • • • 


12 


• • • • 


244.0 


• • • • 




13 


• • • • 


246 


• • • • 




14 


' • • • 


248.0 


• • • • 




15 


60.56 


250.0 


895.0 


•1.76 


16 


• • • • 


252.0 


• • • • 




17 


• • • • 


253.5 


• • • • 




18 


• • • • 


254.5 


• • • • 




19 


• • • • 


256.0 


• • • 




20 


70.75 


257.5 


718.0 




21 


• • • • 


259.0 


• • • • 




22 


• • • • 


260.5 


• • • 




23 


• • • • 


262.0 


• • • • 




24 


• • • • 


263.5 


700.0 




25 


80.91 


265.0 


684.0 


►1 5 


26 




266.5 


• • • • 




27 


• • • • 


268.0 


• • • • 




28 


• • • • 


269.5 


• • • • 




29 


• • • • 


271.0 


• • • • 




30 


91.12 


272.5 


614.0 
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TABLE No. i—CotaCnutS. 



ELASTIC mari. 


■S'S^- 


BELATIve TOLUJIE 


Av«^Rl«d 


Appannl 
Preeaiire of 
Sicunlnlbe. 


iDchoB lit Mcr- 


VoLofSloEm 


Temperaluto 
each K\^ 


SI 
83 

M 
35 
86 

87 
38 

40 
41 
42 
43 
44 
45 
SO 
55 
60 
65 
70 

80 


loi 

lii 

lai 

181 
152 
ITS 
103 


31 

3 

7 
89 

35 

h 




274.0 
875.5 
377.0 
378.3 
279.5 
380.0 

384:5 
285.5 
366.5 

290;o 
391-0 
207,0 
303.0 
307.0 
811.0 
315.0 
320. 
333.0 


'558. 

'sio 

'470. 
435. 

■396. 

■343. 

'805. 


1.3 

■I.IS 

1.0 
0.8 
0.8 
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"When the volume o£ steam ia not given, ad<J 459 to 
tUe temperature of the steam ; muUiply the prodiict 
by 76.5, and divide by the absolute pressnre in inches 
of mercury ; the answer is the volume, or number of 
Cubic feet a cubic foot of water will occupy when 
made into steam at the pressure required. 

Example.— Required the volume for 10 pounds pres- 
sure, temperature 240° Palir.— 240 -{- 459 = 699 X 76.5 
= 53473.60 -^ 50.37 = lOfil.G (see table). 

To fiml what a cubic foot of steam will weigh at 
different pressures, divide 1000 by the volume, corre- 
sponding to the required pressure, and the answer 
will be the weight in ounces. 

Example. — What will a cubic foot of steam at maxi- 
mum density weigh, at 40 pounds per square inch? — 
Volume 1000 ^ 510 = 1.96 oz. 

To find the number of cubic feet of steam a pound 
of water will make at the different pressures. — Divide 
the weight of a cubic foot lu ounces (as above) into 
16, and the answer will be the volume in ciAic/eet to 
the pound. 

Example. — How many cubic feet of steam, at twenty 
pounds pressure will one pound of water make?— 
Volume 1000^-718=1.39: l!i-^ I. -'50 = 11.5 cubic feet to 
the pound of water. ( See Diagram of dry saturated 
steam.) 

To find the weight of steam necessary to raise a 
given quantity of water a certain number of degrees. 
Subtract the lowest temperature of the water from 
that to which it is to be heated for a dividend, — 
subtract the highest teiiipcratnro of the water, from 
1147 ior a diideor, and the quotient Itom Viift^ft "^SJi. 
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Y SA'i;uRATED 
, STEAM ,-, 
■. RANKINE'S formula' 
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be the weight of the steam compared to the weight of 
^vater. 

Example. — Find the weight of steam necessary to 
raise water from 75° to 190°. Thus 190° - 75° = 115, 
U)r a dividend 1147. — 190 = 957 for a divisor, 115 -j- 

957 = .12 or -^^ the weight of the water. 

* 

To find the weight of water, a given weight of steam 
will heat.— Proceed as above, only transpose the di 
visor and dividend. 

Example. — 957 -^ 115 = 8.32 times the weight of 
the steam. 

The accompanying diagram. Fig. 81, of Ban- 
kine's formula has been modified to commence at the 
atmospheric pressure — 15.7 of the absolute scale, 
being one pound here, and shows at a glance the 
cubic feet of steam to the pound weight of water at 
the different pressures, as well as the temperatures 
corresponding to the pressure. 
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The unit of lieat is tlia amouut required to raise the 
temperature of one pouud of water one degree Falir- 
eulieit, uud is the standard measure of values used in 
all calculations pertaining to heat. 

The equivalent in work of the unit of heat is the 
raising of approximately 772 pounds avoirdupois on© 
foot high, and is called the mechanical equivalent of heat. 
The expenditure of one heat unit will raise the tem- 
perature of 52.5 cubic feet of dry air from 32° to 33° 
Fahrenheit. In very accurate calculatious the moist- 
ure in the air should also be considered, but as it is a 
variable quantity it cannot he considered here. In 
approximate calculations, when estimating the heat 
necessary for the air of a building, it may be assumed 
that 50 cubic feet of air at the average outside winter 
temperature of air, warmed 1 degree Fahr., is the 
equivalent of the heat unit, and it can be taken as a 
constant. 

Sensible and latent heat. — Steam has a temperature 
corresponding to its pressure, as given in the table, 
and this apptireTii temperaturn is known as the aenaihU: 
heat of steam. But it is found that steam contains 
more heat than a thermometei' will show, heat that 
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can be made manifest in the warming of air, water, 
etc., and by warming a very much larger quantity 
than would appear by a comparison of the tempera- 
ture of the steam with the ordinary temperatures of 
water. This extra heat, which is not sensible to the 
thermometer, is called the latent heat of steam. 

When a solid becomes a liquid, or a liquid becomes 
a vapor, heat is absorbed by the body in greater quan- 
tities than is necessary to raise it to the temperature 
at which the change of state occurs. This latent heat 
does work in the destruction of the force of cohesion 
and other occult changes which take place, and mnst 
"be aborbed from some substance. In the case of water 
and steam in a boiler, it comes from the fuel during 
combustion, and when a pool of water is vaporized in 
the street the heat comes from the sun directly, or 
from the earth, air, etc., indirectl3\ When steam or 
vapor is condensed, this same quantity of heat that 
was received, no matter where, is again given off to 
any substance within its influence, air, water, etc., 
colder than itself ; and it is this property, to convey 
more heat within ordinary controllable temperatures 
than any other substance which makes water and its 
vapor so valuable.* 

It takes as much heat to melt a pound of snow from 
a temperature of 32°, to water at 32°, as would warm 
a pound of water from 70° to 212°. This heat is 
absorbed by the water in changing from a solid to a 
liquid, and must be given off again before the water 
can be frozen. 

* Water has the greatest specific heat of any known substance, with 
two unimportant exceptions ; one of them being the principal com^nent 
of water. 
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"Witli wfiter from the ten^n 
peratuie of ice (about 32° [ 
ialii ^ to 212" under the pres- 
sure nf the fitmosphere, there 
IS uo heat made lateut iu con- 
fmenieiit, each pouud of water 
lecenmg only 180 heat uuits; 
but lu the converaion of one 
pouud of water at 212°, to 
Bteani at 212°, it receives 966 
mole units of heat ; enough to 
w 11 m •j\ pouiida of water from 
j2 to 212°, or to cool 9 pounds 
of iiou from rediiesa to zero. 
This heat is the latent heat, 
lud the real thermal value of 
tlie steam. 

The sum of the sensible and 
latPiit heat^'of steam ia nearly 
the s ime for all pressures. 
At itmoapheric pressure the 
sensible heat is 212°, and the 
litent Oee'-G, giving 1,178°.6 
i tl e total heat. At 100 
I iinils the seusible heat is 

7 5 ami the lateut 8T4°.8, 
^n in„ 1212.3 as the total heat, 
tlic difference being 33.7, hut 
this ihference is not manifest 
111 the heating of water when 
th ^teani is not allowed to 
Lxpaipd to atmospheric pres- 
sme in cooling, as it expands 
iteeUviiiQxofc,"«bich. would be 

V ^^ 
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maoifeat in au engine. Steam allowed to expand to 
its fall Tolome against the pressure of the atmn- 
spLere exerts nearly the same force as if espauilei.1 
against the piston of an engine. Actually, the extra 
heat is carried out of the boiler, at hijijh pressures, 
beiuf! another form of heat made latent, the extra units 
reuiainiug in the steam in the form of stored energy 
mi til it is expanded. 

The assertion, therefore, that fJie total heat of steam 
is the same/or aU pressures is nearly correct in making 
calculations on warming, as it is presumed the steam 
is expanded to atmosphere in use ; but when high 
pressure steam is condensed to water under its own 
pressure, then the total heat of the steam can not be 
considered, as the latent heat for the given pressures 
only, is available. The total heat of steam, liowever, 
increases, according to the experiments of Begnaolt, 
as the pressure advances, and the annexed diagi'aiii. 
Fig. 81([, has been constructed from the tables of Reg- 
nault, to show the way iu which this increase occurs. 

It also shows the number of units of latent and sen 
sible heat of steam compared with each other, the 
ortlinates of the curves A£ showing the senaibli^ 
heat, from one pound pressure to 200, counting from 
the Une marked zero, or counting from any other iiuag, 
inary line, as 32° (ice), or from the line E F, which 
may be taken as the temperature of return water. 
The difference between ordinates of the curve A B 
and the curve O D, gives the latent heat of steam for 
the different pressures noted. The difference between 
the ordinates of the curve C D and the constant line 
1146.6, shows the increase of the sum of the heat 
above the constant ll-iGM, 
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A pouud of water couverted to vapor in the open 
air, or a poiiml of water vaporized from clotliiag in a 
drying-room, requires very iiearly the same heat as 
would he required to evuporate oue pourn.1 of water 
to steam iu a boiler, aud for all practical (!alciilatiaua 
it may be taken as the same. Tliua, the weight of 
steam necessary to dry cIotLiug or to evaporate water 
ill any kind of cooking apparatus, etc., can never he 
less than the weight of the water driven off in steam 
or vapor ; and of necessity it will be gi'eater, to sup- 
ply th6 loss by radiation, or in warraiug tlie fresJi air 
of a drying room (which must be changed as often as 
it becomes saturated), and for other reasons. 

Equivalents of heat,^ — The heat necessary to warm 
a pound of water at mean temperature (39° Fahr.) one 
degree [the heat unit), will warm very nearly four (3.9i) 
pounds of air, oue degree ; 2-^ pounds of vapor of 
water, one degree ; 9 pounds of iron, one degree ; aud 
very nearly 2 pounds of ice, one degree.* 

The beat necessary to convert one pouud of water 
from the temperature of feed water, or return water, 
at 178°, to steam at oue pouud pressure (or to auy 
pressure, not noting the slight increase for high 
pressures), is 1,000 heat units, and will heat 52,500 
cubic feet of dry air oue degree, above 32° Fahr., or 
6,250 cubic feet of air 10 degrees ; or 525 cubic feet 
of air 100 degrees, making uo allowance for the expau- 
Bion of the air, which will increase the bulk ^ for a 
difference of 100 degrees ; iu other words, the 525 
cubic feet will be iucreased to 630 when heated 100 
degrees, aud the 5,250 will be iucreased to 5,360 or 
It muatnot be caofoiiinled wiih melling the ice, but refers to chang- 

the tentperatare of ice below 31 dsgteei. 
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jV of its bulk for a rise of temperature tif 10 
ilegrees. 

Tbe heat neceaeary to warm oue cubic foot of water, 
finm the temperatnre of the return water to steaiu, is 
dupable of warming 45,572 cubic feet of dry air from 
wro to 72°, but if the air absorbs only 5 grains of 
fajwr of water for each cubic foot— as from clothes in 
i^iag room, or wet walla of a building — it will be 
Equivalent to the fall of the temperature of the air to 
*i.5, If the moisture is already in the air, and has 
•^uly to be warmed (superheated), it will not be equal 
^o the cooliug of it more than one and a half degree. 

Oue grain of water vaporized is equivalent to cooling 
■from 7.5 to 8.6 cubic feet of air one degree, according 
'to the initial temperature of the moisture, aud is a 
oons/an/; but 1,000 grains of vapor already in the air, 
>varmed any number of degrees, cools only 3^ to i 
vubic feet of the air the same number of degrees. 

When water is evaporated at the expense of the heat 
of the air, it makes a large factor, which cannot be 
overlooked ; but vapor already in the air, when warmed 
along with the air, forms a small factor aud ia not ot 
much practical consequence. 

The above facts ezplaiu why a new damp building 
often proves difficult to warm for the first few months, 
whUe later on there is often an over-abundance of heat 
from tbe same apparatus. 
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AIR, 

Air is a mixture whose parts are not chemicuJlj 
combined, consisting of about 77 per cent, of nitrown 
and 23 per cent, of oxygen, by weight, when considered 
pure, i. e., when it is in the condition best suited to 
support animal life. It also contains from about ^^jj^ 
to y/ij^ of its volume of carbonic acid gas, according to 
circurastiiuces and location, and some watery vapnr, 
and is capable of absorbing any other gas or vapor, 
to a certaiu extent, distributing them throughout the 
whole atmosphere, by what is called thelaw (^gase^vs 
diffusion, a property which gases have of mixing and 




places in a very short time. It frequently liappens in 
mines and wells, where the entrance is stnall, and 
there are not sufBcieut disturbing influences, that in- 
jurious gases become abundant, thd diffusion being 
too alow. 

In confinement, air may have its osjgen increased 
or diminished ; an increase of 2 or 3 per cent, causing 
fever, and a diminution of 3 per cent causing death, 
if the carbonic acid gas from the lungs is exhaled into 
snch air and the air inhaled afterward. 

The amount o! fresh au- necessary for respiration for 
ail adult is often stated to be about 300 cubic feet in 
24 hours. This general statement, however, is mis- 
leading, and the idea that is intended to be conveyed 
is, that an average individual requires the oxygen of 
about 300 cubic feet of air in each 24 hours to support 
life. Air cannot be breathed in such a manner that 
all its oxj-gen will be extracted. 

Air in rooms is likely to be breathed again, in a more 
or less degree, and as it is vitiated by moisture from 
the skin and lungs, and by other means well known 
to people of ordinary intelligence, 300 cubic feet per 
hour is far too little to provide in ordinary ventilat- 
ing ; and then not with the expectation of keeping the 
jiir fairly pure, but rather in a state which will not be 
injurious, even if it receives no other contamination 
than that from the body in health. 

Hospitals should be supplied with ventilating appa- 
ratus capable of supplying at least 3,000 cubic feet of 
air per hour to each patient, with means to double oi 
quadruple the quantity by forcing it (aa with a fan), 
in times of contagious disease, or in very oppressiv* 
weather. 
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School and elaaa-rooms should have at least from 
1,500 cubic feet of fresh air per hour per child, foi 
large childreu or the higher classes, to 1,000 cubic feet 
for small children, raugiug hBtweeu as the classes 
advance. This is considered a fair allowance in view 
of tlie practical difficulty of admitting so much air in 
the aggregate without making dnifts. The Massachu- 
setts school law requires " 30 cubic feet per minute 
per scholar;" in other words, 1,800 cubic feet per 
hour per capita. A theatre, or other auditorium, 
shonhl have at least 1,000 cubic feet of fresh air per 
hour per capita, and double that quantity is not ex- 
cessive. Chambers in dwelling-houses should have 
1,500 cubic feet per hour per sleeper. 

Even with these amounts of air moved, a room may 
be poorly veutilated au J poorly warmed also, if proper 
mixiug of the air is not produced within the room. 
Tills is accomplished by the positions of registers, 
both inlets and outlets, bnt it principally depends on 
the outlets. 

The size of a room has no particular bearing on the" 
amount of air to be admitted, if it is to be occupied 
continuously. Four workers or four sleepers will be 
about as well off iu this respect iu a room of 1,000 
cubic feet as they would be iu one of 4,000 cubic feet, 
provided the fresh air is admitted to both alike. If 
there is little or no ventilation, then the large room is 
the better, as the air already iu it may be assumed to 
be pure, and it will take foar times as long to vitiate 
it to a given standard as it will the small one. 

An ordinary kerosene lamp requires the oxygon 

about 40 cubic feet of air in an hour, and possibly vil 

•Jes the air as muck as two peiaoa.& iu tha soma timi 
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A.ir, assumed as uniiy, is taken as the standard uf 
weiglit of gases, when its teniperatiire is 60° Falir,, 

anil tlie barometer 30 iuclies. Air lor the same weight, 
at a temperature of 32", occupies 775 times the spate 
■water does, a cubic foot weighing 565 troj* graius. 
At the temperature of 32°, 32^ cubic feet of air weighs 
(very nearly) one pound avoirdupois, which iucreases 
to 13-|»(i-, 1^, and 15, for 60, 70 and 100 degrees re- 
spectively,* 

The expansion of air is nearly uniform at all tem- 
peratures, expanding about ^^ of its biilk at 32°, and 
for each increase of oiie decree in temperature Kegnault 
puts it a little less, while Dr. Dalton puts it as high as 
5J3, and other authorities have put it at ^J-j-; any of 
these ratios are near enough for small differences of 
temperature. The following table will show the in- 
crease or decrease in volume of one thousand cubic 
feet of air at a temperature of 32°, when the expansion 

TABLE NO. e. 

Temperatnra . . . 20°—, 10'—, 0, 10° +, 20° +, 

Volume 895, B14, 9*5, 953, 075, 

Temperatnre ... 33° + , 40° + , 50* + , 60° + , 

Volume 1(100, 1017, 1036, lO.'i?, 

Temperature... 70' + , 80° + , 90' + , 100° + . 

Voluratj.....,,.1077.5, 1098. 1128, 1139. 

To compute the volume for other temperatures, its 
volume at 32° being unity, use the following — 

Eule. — Divide the difference between 32° and the 
required temperature by 490 ; to the answer add one 

* One pound of air at 32 degrees Fahr., under the pressure of the atmo- 
tphete (29.9 Inches of mercury) will occupy n space of l^.'i'^J cubic feet, 
«nditiEpedGeliefltisR2J79, water being unity allUc tMtwU.m^ctM.'oxt. \ 
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(whole number), if the required temperature is above 
32°, but if it ia below, subtract it from one and multi- 
ply the volume of air at 32, by it 

Esample. — Find the volume a thousand oubio feet 
of air at 32° will have at 212°. Thus, 212" — 32' = 
180°-=- 490 = 0.367+1.0 = 1.367x1000+1367.0 cubic 
feet. 

To find 'what a given volume of air at 70^ will be at 
40°. — Multiply the volume by the number correBpond- 
iug to 40°, and divide by the number corresponding 
to 70°. 

To find what a given volume at 40° will be at 70°. — 
Multiply by the number correspondiEg to 70°, and 
divide by the number corresponding to 40°. 

Example, — Required, what a volume of 3147.0 cubic 
feet of air at 100° will be at 50°.— Thus, 3417x1036 
~ 353y98a0 ~ 1139.0 = 3108.0 cubic feet 

The following table is copied from a text-book, and 
given as Dr. Dal ton's No. 7, though it does not agree ac- 
curately with that which is given as his difference of ex- 
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TABLE NO. 7. 



^ahr. 



Bulk. 



re^p 


1. 75 


...1099 


76 Summer heat . . . 
77 


...1101 
....1104 


«« 


78 


...1106 


« « 


79 


...1108 


« t 


80 


....1110 


«< 


81 


....1112 


m< 


82 


...1114 


«< 


83 


...1116 


«< 


84 


...1118 


«< 


85 


...1121 


«( 


86 


...1123 


<( 


87 


...1125 




88 


...1128 




89 


....1130 




90 


.-..1132 




91 


...1134 




92 


...1136 




98 


...1138 




94 


...1140 




95 


...1142 




96 


...1144 



Fahr. 



Bulk. 



Temp 


. 97 


1146 


98 


1148 




99 


1150 




100 


1152 




110 


....1173 




120 


....1194 




130 


....1215 




140 


....1238 




150 


...1255 




160 


....1275 




170 


....1896 




180 


....1315 




190 


....1334 




200 


....1364 




210 


1372 
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302 


....1375 
....1558 




392 


1739 




482 


....1919 




572 


....2098 




680 


....2312 



Air is capable of holding a certain quantity of 
vapor of water, or any other condensable vapor, in 
solution, so to speak, the proportions depending on 
the temperature of the air. The warmer the air is, 
the larger quantity it will hold, and as it becomes 
cool again the vapor is deposited or forms clouds or 
fog, which condense on anything colder than the air, 
leaving the air when warmed capable of taking up 
more moisture, to be again deposited in dew or rain. 
It is this property of air which gives it its drying 
qualities. 

The atmosphere is seldom laden with moisture to 
its utmost, and is usually capable of taking up more 
moisture; the difference between the total a.xELO\jL\A» <>^ 



I 



212 BTEAM UEATINQ FOH BUILDINGS. 

moisture the air can hold and the actual aninuut m it 
is the drying power of the air. 

Au absolutely dry atmosphere is hardly possible. 
The coldest air coutaiua some moisture, but it is uot 
always possible to tell how much, as air is seldom 
saturated to its maximum ; so to find the quantity of 
water air at a certain temperature is capable of takiug 
up, a quantity of the air must be cooled until the 
moisture becomes apparent —forming a dew; point — 
when a knowledge of the quautity of moisture already 
in the air can be had from tables (the result of ex- 
periments of Dr. Dalton and others, who have made a 
study of the hygrometric state of the atmosphere) 
which give the greatest quautity of vapor the air is 
capable of contaiuing, for the different temperatures. 
Thus, if air is cooled from 70 to 30, and shows conden- 
sation at the latter point, ail the moisture the air is 
capable of taking up for 70 is the difference between 
the quantities of vapor at those temperatures in the 
table. 

The object in iutroduciug this subject aud in giving 
the following table of the quautities of vapor air is 
capable of taking up, is to show the great economy 
there is in time and the saving in heat by having the 
highest possible heat in a drying room that will not 
injure the goods or materials to be dried. 



DIAGRAM SHOWING GRAINS OF VAPOR AIR IS CAPABLE 
OF TAKING UP, PER CUBIC FOOT, AT DIIFERENT 
TEMPERATURES. 




^^P A TABLE 
^^itABLK or ABSOHB 



TABLE NO. a 



A TABLE OF THE IJUASTITT OK VATOR. OF WAXES WHICH AIR IS 
[NO TO THE P01>~T UP HAXIMUM SATURATIUM, IH gTaitU 
VAEMOUa TBUPBRATUBBa. 



Degrees FaJir. 


G™.e^LnH=»bic 


IlugreM Fahr. 


tiramsiiiaCDbla 
fuot. 


10 


1-1 


85 


12-43 


15 


1-31 


90 


U-88 


20 


1-5G 


95 


1600 


^a S5 


1-85 


lOO* 


iB-ia 


^m 80 


2-lS 


105 


22-0 1 


^M 83 


8-35 


110 


25-5 1 


^B 85 


a-50 


115 


30-0 1 


^M 40 


800 


130 


42-5 


^H 45 


8'61 


141 


58-0 


^m 60 


424 


157 


850 


^P 6S 


497 


170 


113 -6 


^F eo 


683 


179 


las-o 


66 


881 


188 


168-0 


70 


7B4 


1115 


1S4-0 


TO 


8-24 


213 


365-0 


80 


10-78 
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It will be seen by a study of the table, thiit the 
quantity of yapor per cubic foot of air iucreasea very 
rapidly as tlie temperafuve advances — a common dif- 
ferefux of about 25 degrees in the rise in temperature 
of the air, doubliug the quantity of moisture it is able 
to take up. Hence, all other things beiug equal, au 
increase in temperature of 25 degrees jn a drying-room 
will reduce the time for drying about one half, andan 
increase of 50 degrees will reduce the time to one- 
fourth, and so on iu that geometrical ratio. 

The diagram ia made to correspond to the tabl 



* Up to loo degrees the table has been copied from the Encjcli 
Britanoica, vrhere the full (able, advancing by single degrees, 
found. Beyond loodegiees [he table has licen calculated (by the 
from ibe elastic force of vapors accurdin^ lu RegnaolC, and U i 
"lately correcL 
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No. 8, aud the ordinates of the cnrve show graius of 
vapor ejich cubic foot of air is capable of takiug up. 
It alao allows that the quantity of moistm-e air is caj>- 
able of taking up, agrees with the elastic force of the 
vapor of water. In other words, the maximum amouut 
of vapor of water a cubic foot of air is capable of takng 
up, is the amount necessary to fill a cubic foot of 
space with steam at a pressure that would give a cor- 
responding temperature. 

The saving in heat by using a high temperature is 
not so apparent, as it takes just so much lieat to 
vaporize a certain quantity of water, and the quantity 
of heat is a conatant. But there i» a saving in not 
having to heat the air aud the moisture it contains 
from its initial temperature, so many times to carry 
off the given amount of moisture ; in other words, the 
amount of heat necessary to evaporate the moisture 
will be the same for all temperatures, but the quantity 
of heat lost in the application is less. 

A house io X iO feet is warmed and ventilated on 
two stories. Each story is 11 feet in the clear, mak- 
ing 33,600 cubic feet, aud it is desirable to change the 
air in the house once in each hour. In order to know- 
its coat, a business man would proceed to figure in 
the following way : The steam-heater has told him 
the apparatus would convert 10 pounds of the return 
water to steam, at an expenditure of one pound of 
coal, consequently the nest thing to know is, what ia 
the equivalent of one pound of coal in the warniingof 
air. Now it is admitted that a cubic foot of water, 
losing one degree of its heat, will warm 3,000 cubic 
feet of air one degree, aud that one pound of it will 
warm 50 cubic feet oi air oi\e Ae^tee -, V\\\i \tt ftoavert' 
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iug the poTincl of water to steam, 1,000 heat uuits are 
iibsorbed, which, of course, will warm 50 cubic feet of 
air 1,000 ilegreea, or 500 cubic feet 100 degrees, or 
5,000 cubic feet 10 degrees.* Thus the fact is estab- 
lisheil, tJiat a pound of steam returned to 'w'ater will 
warm 5,000 cubic feet of air 10 degrees. For the sake 
of safety, and to get the price as high as the poorest 
practice would make it, he takes only one-half the 
theoretical quantity of the coal and figures it at 7 
pounds of water to the pound of coal. Thus we have 
5000 X 7 = 35,000 cubic feet of air, whicli can be 
warmed 10 degrees by one pound of coal. But it ap- 
pears that lO pounds of coal have been burued per 
hour, a quantity sufficient to warm 35,000 cubic feet 
of air 100 degrees, while the air in the room has been 
only 70°. Whence, then, is this apparent discrepancy ? 
Assume air outside to be 20" Fahr,, and as it passes 
the heat registers it has a temperature of 120°, having 
been warmed just 100 degrees in passing through the 
indirect radiator; but an examination of the air, as it 
goes out at the ventilating register, shows its temper- 
ature to be 70°, which woidd suggest 50 degrees of 
tlie heat had been utilized in the rooms in maintain- 
ing the temperature, and the other 50 had escaped 
through the ventilator, aud been lost as heat ; but it 
has produced ventilation, and the movement of the air. 

* The quanlity of air, water or steam will wann, is figured according 
to the specitic heat of each for the same weigbl. ApproKinulely, voter 
requires 4. z times as much heat to worm a given weight of it any number 
of degrees as the same Weight of air ; but as air occupies 775 times the 
space water does, for the same weight, it will have to be multiplied by 
Ibis factor (relaliTe volumes), and by the heat. — Thus, I X 775 X 4.^ 
= 3255. As air conlains a little miiistiire, which most be y,'BvratA tWi, 
the odd 2j$ mny be dropped, and is usuaUy figurei. B.I J.ooo, 



1:210 BTEAM HEATING FOR BUILDTNGB. 



1 



Now, the ventilating flues aggregate 2 square feet o{ 
crosB aectioii, aud the air, as it escapes, ha3 a velocity 
of 5 feet per second iu the middle of the flues, and 
which, if it were not for the friction of the sides, would 
pass 36,000 cubic feet in an hour. Making some al- 
lowance for friction, we will say 35,000 cubic feet of 
air passes in au hour, exactly the cubic contents of 
the part of the house, ventilated ; taking one-half of 
all the heat with it, or what represents 5 pounds of 
the coal burned in the hour. 

Thus the ventilation of a good home can be fairly 
done for If cents per hour, when coal costs 5 dollars 
per ton ; less than 3J cents per 100,000 cubic feet of 
air moved under conditions which all preponderate 
against the price, the difference of temperature be- 
tween the inside and outside being 50°, which is a 
high average. 

There seems to be a simple relation between the 
amount of heat necessary to maintain the temperature 
in a room and the amount passed off in ventilation, no 
matter at what temperature the air passes the register 
entering the room, iu indirect heating. 

For instance, let air enter at 20°, and instead of 
raising its temperature to 120° it is raised to 95° as 
it passes into the room. The difference between the 
temperature of the room, 70", and 95° and 120°, is as 1 
and 2. Thus, if the windows, etc., cool a certain quan- 
tity of the air, from 120° to 70°, they will cool twice 
that quantity from 95° to 70° to maintain the same 
heat, and twice the quantity of air will have to pass 
out through the ventilator at half the greater differ- 
ence to make room for the fresh supply necessary to 
tpp ap the heat. So tlie tem^eTaWcft w.t which air 
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passes through the heat registers only affects the 
quantity of air moved, and not the total heat. 

This also points to another result — ^namelj, the less 
the difference between the temperature at which the 
air leaves the heat register and the temperature at 
which the room is to be maintained (so long as it 
proves sufficient), the more air there must be passed 
in a given time to keep up the required warmth, which 
will of necessity make the air purer. 

A private house kept properly warm by indirect 
radiation alone, with air entering the rooms at about 
100^ Fahr., cannot be other than sufficiently ventilated 
for the number of persons who would ordinarily oc- 
cupy it. The lower the temperature at which the air 
will pass the registers and maintain the heat of the 
room or building, the more assurance the occupant 
may have of the efficiency of the apparatus as a ven- 
laiox. 
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turn pipe is eaten or deShoyed very much faster than 
the steam pipe. lu the supply pipe tlie steam is, of 
course, nearly pure, while the water iu the retnm 
pipe has the fatty acids, etc., from the engines Id all 
cases where the exhaust ateain from the engines is 
carried iuto the heating apparatus and thence to the 
main return pipe in the ground. This is presumably 



one reason for the deterioration of the return 



pipeB in 



» 



I 



city systems faster than the steam pipes. 

"With steam used entirely for heating purposes, I 
am n[ the opinion the return pipe lasts nearly as 
long as the steam pipe, wlieu protected on the outside 
in a proper manner. Dampness and moisture is a 
factor in destroying any pipe from the outside, and 
those that are subject to heat and cold alternatively 
with moisture will ruat out quickly, 

In 1882 the New York Steam Company commenced 
the most stupendous undertaking ever contemplated 
for the production of steam, and carried it to a 
partial success iu point of magnitude, and to a prac- 
tical success from the engineer's standpoint. 

The scheme embraced the establishment of some 
twelve or fourteen stations (named after the letters of 
the alphabet), to be distributed through the city, and 
to be erected as the requirements of the districts seem 
to demand and justify. 

Two of these stations were built iu New York City, 
one being " Station E," which is situated on the west 
side of Greenwich street, between Oourtland and Day 
streets, and is built on a ground space of about 75 
feet by 150 feet. The otiier is uptown, in a residential 
portion of the city, and of much smaller capacity. 
I Fig. 82 is the ground plan ol ttve Gxeeuwioh Btreet 
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station and ehowa the irregular shape of the bniltUug. 
with the foundations for chimneys and piers. Pig. 
83 is the first atory plan, and may be properly 
said to represent each of the four floors on which the 
boilers are set. Fig. 84 is a section aboitt on 
the line A' B', and shows a view through one chimney 
on its greatest axis, with the approximate position and 
setting of the boilers and the floor trn.saiug and col- 
umns. Pig. 85 is a section on the line V D', show- 
ing a chimney on its shortest axis ; and Pig. 86 is 
the facade, whose principal feature is the immense 
opening iu the brickwork (j), which extends from al 
most the roof to the water table, and which is fitted 
with portable or easily moved sections, to allow for 
the ingress and egress of heavy machinery. 

The positions marked B, between the columns, are 
where the boilers are placed, with their fronts and 
fire doors facing on the fire room D. It ia intended 
to have 4,000 horse-'poioer to a floor, each position be- 
tween columns containing 250 horse-power, making 
for the four floors of boilers au aggregate of 16,000 
liorse-power. 

The boilers used are the Babcock and Wilcox water- 
tube type, and there may be said to be two boilers in 
a nest (between each set of pillars,} or to the same flre 
grate, the horizontal steam and water drums of each 
being connected by a large cross pipe, virtually mak- 
ing them one boiler. 

The boilers are suspended and do not rest on the 
brickwork or iire front, and are set substantially as 
shown, the fire being under the front or high end of 
the tubes and the products of combustion passing be- 
tween the tubes into a chamber uudeT ftio %\A«.'m. TOi&. 
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water drum, then down between tlie tabes to tLe 
back of the bridge-wall, thence up again and to the 
cbimney. 

The circulation of the water within tbeae boilers is 
up through the tubes, where it enters the drum and 
flows backward and down again to the tubes, giving, 
it is claimed, extraordinary good results as a steam 
maker, and preventing, to a great extent, the formation 
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Inte safety from iiuy kind of hurst or 'esplosioii that 
would materially iujiire the buildmg or other boilare 
above or below them. 

I will now follow the water from the time it enters 




,t 
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the boilers, thrcugli its changes and stages, to the 
consumer, and back again to the boilers in the station, 
and describe details as they suggest themselves in 
tbat order. 

There are no feed water heaters used, the return 
water, with the steam necessary to force it around its 
circniti, pToaamttblj being sufficieut to V6B.\i "Ciia "^^fct 
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necessary to be supplied to make up for the Joss 
caused by steam snpplied to engines. 

The water eaters the boilers before described, where 
it is converted into steam, thence it is passed throngh 
an 8-inch pipe to about an IS-inch main, see dotted 
lines q r, which rnns above and in front of the boilers, 
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fhroiigik tlie fire room D, and connects with tlie verti. 
cal cylinder h wbicli convejs the steam to the base- 
nieut, preparatory to distributing it to the street. The 
main connections from the drums of the boilers to the 
pipe r are partly composed of copper, and are supplied 
with bends of long radius, to give elasticity to the 
branch and an easy flow to the steam. Each in fitted 
with an angle stop Talve nf special design, the posi- 
tion of the valve being close to the main pipe r. This 
valve, an idea of which can be had from the diagram. 
Fig. 87 is to prevent the steam from the whole sys- 
tem flowing backward and escaping through one 
boiler, should any part of it give out. It is a com- 
bined stop and check valve ; the steam from the boil- 
ers aa it passes into the general system having to force 
its way under the disk which it raises, but which 
would be instantly thrown down, cheeking a back 
flow from the main if the bursting of a tube caused a 
difference of pressure between the main and one 
boiler. 

From the bottom of the cylinder h, which is 3' 6" in 
diameter and into which the main horizontal pipe 
from each floor connects, steam is distributed from 
the main in the street hy large branches which lead 
off in diflferent directions, tlie pipes which now lead to 
the street passing through the arched opening in the 
wall g, Fig. 86. These pipes are supplied with stop 
valves near the cyHuder, and are for the purpose of 
shutting off one street section or sub-division without 
affecting the others. 

The largest pipes laid in the street are 15 inches in 
diameter and run down to about 8 inches. They 
are wrougbt-iron lap welded tubes, in length* oi abQ-it, 
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20 feet, witli flanjjes oii their eiida and bolted togetber. 
The flanges are wliat is oomraouly known as " flange 
unions" and are faced true and brought together on 
a concentrically corrugated copper gasket, nothing 
but lead paint being used to form the joint. 

The pipes are not screwed into the flanges in the 

ordinary way, but are inserted and expanded in the 

flame manner as a boiler tube, a. groove being made 

a the bore of the flange, into which the metal of the 

^ipe is pressed by a Dudgeon expander. 

From the area wall the system consists essentially 
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of two pipes, a larger one for conveying the steam to 
the consumer, and a smaller one for returning the 
condensed water to the station. The subdivisions of 
the system which radiate from the station ramify in 
many directions, pipes now being laid in Broadway 
from Warren street to Bowling Green ; from Broad 
way down Wall street to Pearl ; also down Pine and 
ilton to Nassau, and Liberty street and Maiden Lane 
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toWilliam street; alsoaJinein the neighborhood of 
Ann and Beekmau street. On the other side of Broad- 
way pipes are laid throngh portions of Greenwich and 
in Liberty, CortlaniU, Fnltnn, Vesey, Barclay, Park 
Place and Warren streets, from Broadway to Green- 
wich street. 

These pipes are laid in a brick couduit. where they 
are of large diameter, and the spaces filled with " min- 
eral wool " j". e.., blast furnace slag blown to a fine floss 
by the action of steam while hot. some of the small 
pipes are covered by a wooden log bored to ] 
them and prepared to prevent rotting. 




The pipes are placed at nearly uniform distance 

ilow the surface, and little attention given to 
inclination or pitch, simply following the grade of 
the ground, though avoiding a sudden dip when 
possible. 

Bends of small magnitude, snfficieut to follow the 
contour of the ground or slight deflections from a 
right-angle at street corners, made necessary by the 
irregular shaped crossings, are provided for by what 
may be called a " ball and socket " joint. It is some- 
at like a flange-niiinn, having a convex extension on 
face, with a corresponding concave oh the other. 
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the faces being segments of a true circle. "Wlien 
put together with cue of the copper gaskets before 
mentioned, this makes a steam-tight joint. 

The water of condensation which forms within tLe 
steam pipes when everything is iu full operation, is 
said to be comparatively small, but small as it may be, 
it is necessary to prevent its accumulation and not 
carry it long distances by forcing it ahead of the 
steam. At distances of about 75 feet, there ia a special 
contrivance shown in Figures 88 and 89, which is va- 
riously called, "Expansion Joint," "Service Bos," 
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"Junction" and "Compensator," and which, in fact, 
does more than its name implies. Its prime object is 
a compensator for the expansion and contraction of 
the iron pipes, and it also makes a Hiiitable fitting from 
which to take the house services, but iu addition it ia 
the means of freeing the mains from water. The pipes 
net are the main flow pipes. The joint itself^) is 
anchored and firmly fastened, and the pipes whicli 
approach and leave it are also fastened iu the middle 
their lengths between it and the joints on each side 
Itnowthe pipe is warmed, c andc being fixed 



points, tlie moTement and thrust of the pipes n n, muet 
be toward b, whicli is also a fiseil point, but as the 
pipes a. a do not conuect directly with the end of li, but 
pass inside audconuect with the copper diaphragm (ee) 
the latter yields and bends inward, allowing the whole 
to adjust itseH to the iucreused length. The expau- ■ 
sion joints are numerous enough to prevent any con-S 
siderable strain on the copper of the diaphragm, the^ 
intention being not to strain the metal beyond its 
limit of elasticity, the maximum movement when the 
jjoints are placed about 75 feet asunder being about 
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one inch. The copper diaphragms, which are con- 
centrically corrugated, are reinforced on their outer 
sides by radial plates which fit closely at their ad- 
joining edges, each forming a sector of a hollow circle, 
and having a rib or strengthening piece on the oppo- 
site side from the pressure. They move with the 
copper and are supported at their extremities in such 
a manner as to compensate for and accommodate them- 
selves to the change in length ; in fact, they are the 
real diaphragm of the ap]iaratus, the ^UY^^aft o^ N^'a 
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copper being merely lo cover the joints between iheii 
edges and so render tlie wliole steam tiglit * 

CoDdeD»atiou wliicli form.s witliio tbe pipes between 
I any two " compensators " fulls into the lower side a 
' tlie annnlar chamber aud is carried into the Beirice- 
pipe (S), if the latter is in nae, and if not iu use is 
carried to tbe first that is in use after filling the in- 
tervening ones to the lerel of the bottom of tbe flov 
pipe. 

The water which is thus carried out of tbe maiu 
throngh the first services which are iu use, is not car- 
ried into an engine, if one is used, nor into the beat- 
ing apparatus of the house, but returned again into 
the return water through a steam trap ; this we wiU 
try to explaiu with the help of Fig. 90. WitLia tbe 
area-wall is placed a steam trap, a modification o' 
what is known as the "Nason " principle, because tbe 
late Joseph Naaon improved it aud made a specialty 
of it, although I believe it was invented by Profes- 
sor Mapea. This trap takes the water which is car- 
ried in through the hnuse-service and falls from the 
point c, through the pipe a, aud discharges it into tlie 
return pipe, through the pipe h, then dry steam passes 
through the pipe d, to the house. 

Trap No. 2 is to return the water which is condensed 
witliiu the Iiouse, and will drain pipes either above 
or below the level of the mains in the street. 

This type of trap, is the only one, I. believe, which 
can be applied to the system aud take the water from 

* Sleam-fitters who tire acquainted -viilh Ihe Handren & Robins' regu- 
lalor, mule by llie Walworlh Manurncluring Co., should readily under- 
lUnd this principle, as il i:i then; used tu supjmrl the copper diaphragm 
LjWhidi opemea the valve. 
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the cellar floor or from a suTj-cellar. It is explained 

iu the chapter on traps, and is called the " pot-trap." 

The iaitial pressure of steam from the street is ad- 
nutted as far as the " house valve," beyond which la 
placed the " regalatiug valve." The object of the 
latter is to cause a reduced pressure within the build- 
iug. The valve used is the Curtis Refjulating Valve, 
which can he adjusted to keep a nearly regular re- 
duced pressure^say ten pounds on the house side, 
while there are 50 or 60 in the street, fluctuatious iu 
street not affecting the house pressure. 

After the water is thrown by the intermittent action 
of the traps into the main return in the street, it flows 
back to the station and is received into a large tank, 
thence to be pumped into the boilers again. The 
position of the tauk is iu the ground under tlie side- 
walk, as at T, Fig. 82, and a large duplex pump (P) 
is set close to it. This pump is kept running con- 
stantly, forcing the water through a system of feed 
pipes which lead to all the boilers. There is it con- 
trivance which may be called an overflow or relief 
valve, arranged on the discharge pipe of the pump and 
loaded to a pressure of abnnt SlOpounds, which allows 
the water from the pump to return to the tank, or a 
part of it to so return, should it not be all required at 
the boilers at any particular time. Each boiler is fed 
separately and independently, the feed valve being 
within the control of the fireman. 

The fuel for the use of the boilers is elevated to the 
upper story and fed through chutes to each boiler. 
The boilers are fired by hand in the ordinary manner. 

Ihe ashes are carried away by a system of chutes 
from the aah-jiit to the ToaaemeiA. 'Wt*)* 
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chutes are furnished with a. valve within the ash-pit 
auil are within the uoiitrol of the fireman. They are 
kept closed except to drop the ashes, otherwise tha 
driift of the chimneys would pull on tliem, or should 
the forced draft be on, to prevent the air of the fan 
from escaping through them. 

At the point marked A, Fig, 83, at the east end ol 

the southeast batterj of four boilers, but on the second 

floor, is a fan blower with a capacity of 100,000 cubic 

feet of air in a minute. It is driven by an engine oE 

r about 20 horse-power, and supplies air to the firee in 

^H' case of necessity. It is connected with the ash-pita by 

^^H a suitable system of sheet-iron ducts and takes its air 

^^f supply directly from the surrounding air of the floor 

t but should the supply be tardy the wiudow a can be 

opeued. 

The elevators are situated at^ and _/", at eastend ot 
the building, and are principally for taking up fuel to 
tlie fifth floor. 

Comparatively small piping can be used iu an es- 
pausion system, and when there is no provision for 
draining the condensed water from the pipes, a size 
^^^ barely suflicient to carry the required steam along is 
^^^L preferable ; as in that case, the draft will carry the 
^^^K water out of the pipes ; whereas, if the pipes were 
^^B larger, the draft of the steam would be slow enough 
^^H to cause the pipes to fill uutil the conti'acted passage 
^^H increased the velocity of the steam to such a degree 
^^H that it would force itself through in irregular pulsa- 
^^H tions and cause pounding. 




Mosa the many who ov/n steam eugiues and the 
ngiueer.t who run them, there were cnniparatively 
few, uutil quite recently, who hail a just appreciation 
of the thermal value of the cloutla of eshanst steam 
continually hlown to the winds from the apparently 
numberless exhaust pipes, which can he seen from 
the top of a high building iu any of our large cities. 

When I say that three-tiuarters of the practical 
thermal value of every pound of coal burned iu the 
boiler furnace is lost past recovery to the consumer, I 
am putting it at less than the actual Iosh; and could 
this heat be converted into available motion, suitable 
for power purposes, it would be a boon indeed, and a 
fortune to the one who could do it. Perhaps there is 
a chance for the electrician to convert it iuto energy ; 
but as yet eugineer.s can use it for heating purpoaes 
only, where its full value can be shown in the heating 
of water, air, or any tangible substance. 

The first purpose for which the exhaust steam is 

generally employed is to warm the feed water, the 

object being to raise its temperature as liigh as jios- 

^siblp, before it enters the boiler, thereby to save fuel. 
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^^1 In round uambers, tLe warmiiig of the feed watei 
Wftrom 40° to 212° Fixhr. can condense but ,5^ of all tlie 
steam that passes througli au engine; provided, of 
course, the quantity of water fed iuto tlie boiler is 
only equal to tliat wLich is required for the engine. 
Tills tlien leaves -j'j- of all tlie steam that is used iu eu- 
giues either to be wasted or to be utilizedin tbe heat- 
ing of buildings, or in drying- rooms, cooking, water 
heating, or other similar purposes. 

If anyone wishes to look this matter \\p for them- 
selves or to convince another, it is only necessary to 
go to the tables and find that it requires but 172 nuits 
of heat to warm a. pound of water from 40° to 212", 
while a pound weight of steam at the pressure of the 
atmosphere contains latent, heat equal to 967 heat 
units, leaving 795 heat units for some other purpose. 

Among the fii-st questions which nearly always 
suggest themselves to the young eugineer is (1) How 
hot can feed water be made ? (2) What percentage of 
the coal does the heating of the feed water represent? 
(3) How much of the exhaust steam from an engine 
can be used iu heating the feed water necessary to 
supply the loss caused in the boiler by supplying 
steam to the same engine ? (4) How mucli of it is left 
for use elsewhere, partly or wholly, to heat the build- 
iug in winter or for drying purposes ? 

The answer to the first question is: Water under 
the pressure of the atmosphere cannot be heated 
above 212° Fahr., and when the feed watel: passes the 
check valve ot a temperature of 200° it should be con- 
aidered fairly satisfactory, although it is possible to do 
much better, 210° being uothing uncommon with some 
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Where water ia forced through a heater, the tem- 
P^*'atnrB ctin be raised higher than ivlieii drnwu by 
P'Jap from the heater, as the leaseniug of the pr 
"So leaaena the capacity of the water for seusil 

Some makers of feeJ water heaters claim they cau 
''^at the water above 212", because it is under pres- 
sure, but it is evideutlj a mistake to attempt it, as 
both the water to be heated and the steam necessary 
'<j heat it, would have to have a pressure above at- 
luoaphere and auy attempt to keep a eonaiderable back 
pressure ia the exhaust pipe for the simple purpose 
ODlyof warming the feedw ter above 212° is attended 
ivifk a loss iustead of a gain. 

The attempt to heat the feed water 5° above 212° 
by ft back pressure of 2 pounds, the mean pressure iu 
the cylinder being 50 pounds, is attended by a loss iu 
energy exceeding by more than live times the gain to 
the feed water. 

The above, it must be remembered, applies only to 
the attempt to warm feed water above 212° Fahr. It 
can be made as hot as 210" Fahr. by the exhaust steam 
as it passes comparatively unobstructed through agood 
heater on its way to the outside air. On the other 
liand, the "no back pressure theory" must not be 
maintaiued when the exhaust steam can be all used, 
or even when a large percentage cau be used, in 
warming the building. There the total gain ia so 
very great when compared with the loss of energy in 
the engine that no engineer of experience will now 
conscientiously oppose it, and when au agent for an 
electric light eugine or pump objects to 2 pounds 
back pressure ou his engine im the groiind that it was 
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not (lesigueil for back pressure, reject tlie etigiue w 
look for oue in wliicli & retiHouable back preflsnre 
above atmospbere is not objectionable. 

The answer to the secoud question is: "Wlientlie 
feed water is raised from mean temperature, 39" or 40°, 
to 212° by the use of tlie exhiiust ateara at atmos- 
pheric pressure, it is equivalent to very iiearlj' tffcr 
thirteenths of the weight of the fuel necessary to eon- 
Tert water at mean temperature to steam at any pW- 
I sure, and 15 to 18 per cent, of the coal is the greatest 
possible saving that can be made for this, the great 
est ordinary difference of temperature. 

To find the saving of other differences of terapeM- 
ature in the feed water, divide the difference between 
the teinpern.ture of the cold water as it enters the 
heater and that at which it enters the boiler into 
1,146, less the difference between the cold water 
and 32, and the product is the traction of the coal 
heap. I 

The answer to the third question is : Two-eleveutlis 
of the exhaust steam is the greatest quantity that can 
be utilized in the warming of tlie feed water, and 
making a generous allowance for loss by radiation, 
etc., there will still be more than three -fourths of all 
the exhaust steam for other purposes, as was es- 
plained earlier in this chapter. 

It frequently happens that an engineer, or one who 
sets up an engine, claims that a back pressure is injur- 
ious to the engine and reduces its efficiency or pre- 
vents its valves from working properly, and there 
appears to be an idea among many users of steam 
that it is Just as tcell to take lioe steam, from the boUer as 

cause 1 or 2 pounds back pressure on the engine, 
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9 pressure seceesary tc get a circalatioQ, and drive 
Ithe air from all parts of the pipes and radiators. 
A. loss of efficienoj there certainly is, bat it is small 
■and cau lie offset bj an extra pound pressure at the 
I boiler, and the general gain is so great that eugines 
[ should be provided a little larger to meet the loss, if 
f necessary, though as a matter of fact it is scarcely 
worth considering, as will be shown below. 

The loss iu power to an eugiue from back pressure 
is very nearly directly as the difference between back 
pressiire and mean pressure. Thus, iu au engine of 
50 pounds mean pressure, with a back pressure of 2 
pounds, there is a loss of 4 per cent, to the eugiue, 
and as the available euerg}' of an engine, together 
with the steam used iu the heater, cauuot represent 
one-quarter of the pracficnl thermal value of the coal, 
the loss caused by 2 pounds back pressure cannot 
represent 1 percent, of the coal, and as it is au incoa. 
trovertible fact before shown, that the exhaust steam 
contains more than three- fourths, or 75 per cent, of 
the practical thermal value of the coal, the balance is 
immensely iu favor of using the exhaust aienm. 

I want to guard against an error that may arise 
from the foregoing, and which once came under my 
notice. A back pressure of about five pounds was keiic 
on an engine of about 100 horse-power for the pur- 
pose of warming one radiator of about 40 square feet 
of surface that was in the office of the establishment. 
This, of course, was poor economy, as the radiator 
conld condense only about 10 or 12 pounds of water 
per hour — say J to ^ of a horse-power— while the 
drawback to the engine was probably 10 horse-power. 
The exhaust steam from the engines of the present j 
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apparatus tLe total back pressure is 16 to 17 pounds. 
It is the pressure above the a,tiuospbere, bowever, 
that is bete called back pressure. 

A back pressure valve — the form of whicb can be 
fouml iu any steam trade catalogue — has to be useil 
wheu exhaust steam is to be coiifiueJ and forced into 
the pipes of a heating apparatus. There is a means 
of closing it and of loading it to open at any required 
pressure, and for summer nse, or when steam is al- 
lowed to pass freely into the air, it can be set open, 
so the steam will escape freely, 

Wheu using back pressure valves, care sbould be 
taken in their selection, Wheu used in the basement 
of a building, a noiseless back pressure valve sbonkl 
be employed, and even when used on roof tbe noise 
is telegrapbed down the pipe and throngb the pipes 
of the appai'utus. 

Buildiugs are very snceessfuUy warmed by steam 
expanded from a liigb to a low pressure, tlirougli 
a regulating valve near the boiler. Into this low sys- 
tem the engines and pumps are allowed to exhaust 
through a suitable connection. Should the quantity 
of steam from the engines, etc., be greater than tlje 
coils can condeuse, and raise the pressure slightly, 
tbe regulating valve at the boiler will close and admit 
no more live steam, and should the pressure still con- 
tinue to increase by the addition of exhaust steam, 
the back-pressure valve at the engine will open and 
let the excess escape to the roof through tbe summer 
exhaust pipe. This subject will be treated more fully 
in the succeeding chapter. 



CHAPTEE XXI. 

EXHAUST STEAM HEATING. 

« 

When the term " exhaust steam heating " is used, it 
implies that the exhaust steam from the engines and 
pumps of a building is admitted to the heating pipes, 
and ** an exhaust steam system of heating *' implies 
tthat the pipes of the apparatus are arranged, or are 
o be arranged, for the free use of exhaust steam. 

It does^ not, however, imply a particular method of 
running pipes. Any of the usual methods of piping 
used for low pressure steam will do, so far as the 
running the pipes through a building is concerned ; 
provided, of course, the pipes are sufficiently large in 
diameter. It does, however, imply that proper con- 
nections will, or are to be made between the exhaust 
pipes of the engines, etc., and the pipes of the heat- 
ing apparatus, and that proper provision will be made 
for taking care of the condensed water. 

When the exhaust steam from the engines, etc., is 
not sufficient to warm the building, but is still of too 
much importance to be allowed to go to waste, it can 
be turned into the heating pipes of the house or build- 
ing and condensed therein, provided the pressure car- 
ried in the heating pipes is not too great. 
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Shonlil the boiler pressure be carried iti the pipes, 
of course the exhaust steam caannt be turned into 
them. For this reason, therefore, iu such apparatus, 
the boiler pressure is r^jtluced by passiug it through 
a pressure-reducing valve aud thence allowing it to 
pass into the heating pipea at any pressure from \ 
pound above atmosphere upward. 

Under such circumstances we will have two kinds 
of steam in the heating apparatus and pipes, live 
low pressure steam from the boUers and exhaust 
low pressure steam from the engines. As the 
exhaust steam from the engines or pnmps varies 
in quantity as the work they do varies, the low- 
pressure .steam from the boilers is made to respond 
automatically and supply the loss, aud thereby keep 
a constant supply of mixed steam at a constant 
pressure iu the heating apparatus to supply its de- 
mands, whether they are constant or intermittent. 
The large o£&ce buildings of New York and the large , I 
cities are now nearly all done on this principle, and I 
will; with the aid of the diagram, Fig. 91, endeavor to 
show the simplest form of such au apparatus, aud am- 
plify as I proceed, taking up and explaining the uec 
easary functions and uses of the different parts of the 
apparatus as they are reached. 

The boilers a a are shown at the left in perspective, 
with the style of connections usually employed with 
horizontal shell boilers. One set of the connections, 
ft ft, connect in'o a cross main c — usually of con- 
siderable diameter— from one or both ends of which 
live high-pressure steam is taken to the engines or 
pumps, or anyplace where high pressure steam is re- 
id. Iu tbia case I sliow tW "pi^a oE, connecting 
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, say, an electric light engine, the esliaust pipe, e, 
hicli, nina first to a feetl-water heater, through 
:h it can be made to pass directly by the pipes 
valves g and g ,ox it may go forward to the roof 




Ih^j 



I 244 STEAM U SATIN W FOR BUILDINGS. 



pipe t, or to the grease separator/, ami the liouae-piiif 
k, bj the bj-pas3 and valvo h, without the reaiatauca 
of the feed water beater. 

I will digress here to say a few words about leeil 
water heater eouuectioiis, as tUey are usually a part 
of an exhaust steam beatlEg apparatus. It is always 
desirable to pass the eshaust steam either to the roof 
or to a Leatiug apparatus with the minimum of re- 
sistance, in other words, back-pressure. Approxi- 
mately only oue-fiftb of the exhaust steam can be 
utilized in the feed water heater. If four-fifths of the 
steam is allowed to pass through the by-pass and 
one-fifth through the heater by the manipulation of 
the valves g, g aud h, this is accomplished without 
detriment to the temperature of the feed water and 
with the saving of a very considerable amount of re. 
sistance, as the tubes of a heater offer a resistance to 
the passage of the whole quantity of the steam that 
can hardly be appreciated, therefore the by-pass A 
should be provided, through which the four-fifths of 
the steam is allowed to pass freely on its way. 

From the pipe I, therefore, in the diagram, the 
steam can pass to the exhaust pipe i, aud the bact 
pressure valve i to the roof, or it may be allowed to 
pass into the grease separator j, as shown. In the 
summer time the back-pressure valve is held open, 
usually by simply changing the weight to the op- 
posite end of a lever, aud the exhaust steam is allowed 
to pass freely to the root, the valve on the grease 
separator being shut. lu the winter time the back 
pressure valve is loaded down to the desired resist- 
ance and the steam is allowed to pass into the grease 

iparator j on its way to the heating apparatus 
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Should tlie steam need Ly tlie heutiug apparatus be 
less than that passed through the engine or engines, 
the surplus will pass off hy the back-pressure valve i 
and the exhaust pipe, the back- pressure valve acting 
as a safety or escape valve. 

It sometimes happens that the exhaust steam is less 
than the heating apparatus requires, evea in moderate 
weather, in ■which case a gate valve cau be put into 
the exhaust pipe %, just below the back-pressure 
valve. This is au assurance that all the exhaust 
steam passes into the heating mains ami that none 
of the live eteam can escape by way of the heating 
maius, grease separator and exhaust pipe. 

The exhaust steam as it passes through an engine 
takes up the cylinder oil and carries it forward in 
volatile and finely divided particles. It is absolutely 
necessary that this oil be separated from the steam 
before it passes into the heating pipes, and later on the 
subject will be treated of more fully. It is sufficient 
for our purpose here to sltow its usual jiosition j. 

From tliis grease separator or tank the exhaust 
steam passes to the heating pipes, more ai less freed 
from its grease. It passes out through the pipe it, 
with its stop valve li"^, and sometimes with a check 
valve i'. 

The check valve is my own arrangement, and I 
have never met with it except in my own work or 
work for which I drew the specilicatiou. The check 
valve, when one is used, must be noiseless and of kind 
to open with small resistance. Its object is to prevent 
live steam from passing backwards from the heating 
lDS m through the grease tank, aud thence through 
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the exhaust pipe to the roof, an occurence of con^der- 
able frequency, caused by carrying a too great pres- 
sure in the heatiug mains, when the latter is supplied 
by direct ateum through tlie reducing pressure valyc, 
or by the reduciug pressure valve becoming temporar- 
ily disordered. "When the check valve is used .with a 
temporary disorder of the reduciug valve, or the re- 
ducing valve beiug set at a higher pressure than the 
back-pressure valve, the excess of steam in the heating 
apparatus cannot escape, but withal the back -pressure 
will not be increased on the engine, as its exhaust 
steam will be free to escape through the back-pressura 
valve and the free exhaust pipe. 

The pipe represented by m m is the main steam- 
heating pipe, from which all branches of the heating 
apparatus ramify, and from this point I will return 
to the domes of the boilers and trace the live steam 
from the boilers to the heating apparatus. 

The pipes n n are dome connections, with their 
valves. They connect with a cross-main o when there 
is more than one boiler. Prom this cross-main is 
usually run a conjiectiou of sufficient diameter to 
easily supply the heating apparatus with steam, even 
at very low pressures, to be used for night heating 
or when the boilers are run for heating alone and the 
engines stopped. 

The water of condensation from an apparatus of the 
class I am describing is iisually returned to the boil- 
ers by an automatic pump or its equivalent, therefore 
in practice, when the boilers are used for heating 
alone, a pressure is carried suitable for running the 
nmp, say 10 pounds. Tliis, theu, would bo the low- 

'i ordinary pressure used in the, boileva, and when it 
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is desirable to pass this steam iuto the heating mains 
at fall pressure the direct pipe and valve p is opened. 

When there is a high pressure in the boilers, how- 
ever, say SO or 90 pounds or more, and the engines are 
running, it becomes necessary to admit only sufficient 
live steam to make up any deficiency of exhaust, or 
to supply live, should the engine be stopped for the 
noon hour or for other reasons. In a case of this kind 
the direct pipe valve p is closed and the two valves 
q q are opened. The pipe and valves q q, form the 
reducing pressure connection in combination with the 
reducing- pre HSU re valve r. The pipe starts from a 
tee on the boiler side of the main heating valve 
p, and returns into the main steam-heating pipe 
m at any suitable position in the house side of tlie 
valve p. 

This counection is usually of a smaller diameter 
than the main pipe. If the maiu is 6 inches it may 
be only 4inches or 3 inches, half the diameter being 
fair practice. It is necessary, however, to get a size 
and make of valve that will not sing, and the length 
of pipe from the reducing valve to the maiu steam 
pipe should be as short as pos,sib]e, or it it cannot be 
made short, it should be increased in diameter. The 
reason for this is, should the pipe from the regulating 
valve be of small diameter aud long, its own resist- 
ance when passing much steam will create a fictitious 
pressure at the valve, which resistance will vary as 
the demand becomes greater or less, causing a varia- 
tion of pressure at the low pressure end of the regula- 
tor, and creating the impression that the valve is not 
constant. 
^H^here are pressure-reducing valves \u ttvft ■oi'a.-A.ii,^ 
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that are remarkablj accurate, the pressure 
steam on the low pressure aide of the valve couti 
the valve and keepiug the pressure constant, no mat- 
ter what the range of pressures may be in the boiler, 

VaWea q q are placed at each side of the regulating 
valve. This ia so the high pressure from the boiler 
and also the low pressure from the heatiug mains 
may be shut out of the valve, that it may be adjusted 
or repaired. As above described and set, the valve 
will go on supplying steam through the pipe m 
to the remainder of the apparatus when it re- 
quires it, and closing automatically and retaining its 
steam when the supply through the eshaust con- 
nection is more than the heatiug apparatus cau 
condense. 

This subject would not be complete unless the 
manner of disposing of the condensed water was at 
least briefly described. 

As I said before, any of the low pressure systems of 
piping will do for au exhaust system. Where therg is 
a water-line system, with all the return pipes carried 
below a water-line, the grease collects iu the vertical 
pipes at the water-line, provided grease is allowed to 
remain in the steam; and the general assumption can 
nearly always be that a little grease will always get 
through the grease separator. Of course the frequent 
blowing out of the system will remove this grease or 
oil ; still I am of the opinion that the small separate 
return system of piping should not be selected for 
au exhaust steam apparatus when a large single return 
pipe, even if itia trapped by a water-line, can be 
selected. Still I would not advise the tearing out 
jod slteriug of a system of small separate returns, 
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that is otherwise iu good order, should one be called 
upon to alter it into aii exhaust sjBtem, 

"Wlien the receiving tank or pump governor recepta- 
cle call Iw placed sufficiently low, it will remove the 
water-line entirely, and thua do away with the diffi. 
culty, though iu most cases there is not sufficient 
lieiglit io basements or cellars to place the tank so low 
tiiat the water will di'ain into it, instead of overflowing 
into it, as we usually fiud it. 

In the diagram. Fig. 91, the pipes sun are the 
return pipes. They are further distinguished by a 
broken line through their center. They are shown 
overhead or in close position to the steam (flow) pipes 
m m. This, however, is not material, and they may 
l>e on the floor and overflow into the tank or receiver 
of the pump governor (, 

The tank or receiver is provided with a float, which 
controls the supply of steam to the pump u. The 
methods used are various and cannot be shown here, 
but the principle is simple. Usually a water-gauge 
glass is used on the side of the receptacle t to indicate 
the level of the water, which is kept near the middle. 
When the water runs iu throujfh the pips «, the float 
is elevated, and this in turn operates the throttle-valve 
of the pump, which opens and allows the pump to 
run. "When water comes down rapidly, the pump runs 
all the faster, as the float is held higher. When it 
come.s down slowly the float sinks, and the pump 
'■creeps," as it is often called. This keeps the pump 
hot and always ready for immediate rapid action 
when an intermittent flow of water comes, which 
often eeems to be the rule. 

Pamps for this work should not ba 
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About 60 strokes per minute, when the maximum 
work is being doue, is good practice. Duplex or some 
order of pumps that are always in action without at- 
tention should be used. 

From the pump the water is forced into the boilers 
in the usual manner, and generally through the feed 
water heater. The pipe v v shows its usual course. 
The steam and exhaust pipes of the pump are omitted, 
tut they are similar to those of any other engine. 
They start from the pipe c or d, and return to the 
exhaust pipe e, if poaaible, at a point before the latter 
pipe reaches the feed water heater. 

There are other arrangements of the apparatus than 
those I show in the diagram. All the essential fea- 
tures, however, are covered. The modifications often 
include the placing of the grease separator before the 
feed water heater. This prevents the grease from 
going into the feed water heater in considerable quan- 
tities. However, it brings the grease separator into 
use the whole year, summer as well as winter. There 
is no objection to this if the grease separator ia well 
covered, and there may be an advantage in keeping 
the grease out of the heater. I generally arrange ray 
own form of grease separator, which ia a comparatively 
large tank, so that the exhaust steam passes through 
it at all times. As it is a large receptacle, the engines 
exhaust into it freely, and it acts as a cushion, taking 
the pulsations of the engines off the heating pipes 
and allowing a constant flow of the exhaust steam 
into the system. Under the head of grease separa- 
tiou I will show methods of connections, etc. 




THE SEPARATION OF GREASE FROM EXHAUST STEAM. 

"Where tlie exhaust steaui is used for heating aud 
the water of coiideusatiou from the heating syetem is 
returned to the boiler, itia found to carry along with 
it a portiou of the oil which has been used in steam 
cylinders of the eugiues as a lubricant. Opinions do 
not now vary as to the effect ou the boiler, though the 
result in different cases depends upon the quantity 
and quality of the lubricant getting into the boilers, 
the quality of the water and the chemical compositiou 
of the various dissolvents or "scalers" employed to 
free the iuterior of the boiler from sediment. These 
combinations are so varied, and the trouble from this 
source ia so dangerous aud expensive, that a safe 
rule is to avoid the main cause of danger, the intro- 
duction of oil or grease, to the boilers. 

The boilers in the Rogers building of the Massachu- 
setts Institute of Technology in Boston were destroyed 
a few years ago by grease that was carried into them 
from the neighboring new building of the group. TLe 
contractor used the exhaust steam and provided uo 
means of separating the grease from it, and until the 
injury was done, do one was aware of the mischief 
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that was goiug ou. Thej now use a grease separator 

of the kind first used and designed \>y myself. 

In New York we have had several grievous cases of 
the same kind iu office buildings and hotels where 
improper or no grease separators were used, and 
much damage is being done all the time by improper 
apparatus. Small apparatus of the " turkey gizzard " 
order will not take suOioieut of tlie oil and grease of 
the steam. Thej' may remove 80 or 90 per cent, of 
the oil, but the remaining 10 to 20 per cent, is suffi- 
cieut to cause tlie burning of the boiler, particularly 
if it is a shell boiler wherein the heavy " slugs " of 
grease can gravitate to the hottest part of the shell of 
the boiler, the bottom, and become attached thereto. 
Aji essential feature of any grease separator to be 
be effective is size. Small convoluted or corrugated 
bulbs or globes will not remove sufficient gi'ease. 
The steam passes over their rubbing surfaces with 
too much velocity and carries the particles of grease 
forward with it, almost with the same ease that it 
carries them through the exhaust pipe of the engine. 
The only method I have found to be certain in 
grease separation is to project the steam on the sur- 
face of a body of water in a large tank. The water 
may be comparatively hot, as liot, in fact, as the steam 
can make it, still it will hold the oil, if it once reaches 
its surface. As I said before, however, size, is an im- 
portant element. When a small confined apparatus is 
used, the velocity of the steam through any part of it 
is comparatively little less than through a section of 
exhaust pipe itself. 

When the steam has a rapid motion it forces the 
irticleB of grease aloug^witii it, UolAm^many of them 
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ill suspension and forcing those that have already 
been deposited by contact with the aides or ribs of 
the apparatus along with it also. It thus carries it for- 
ward into the pipe again and thence into the heating 
apparatus; whenue it is carried to the boiler with the 
" return " or condensed water. 

This makes two essential points, therefore, neces- 
sary for a thorough grease separator, when grease has 
to be separated from steam. The fact is to project 
the steam and grease against the surface of the water, 
and the second is to slow down the velocity of the 
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steam as it passes on its way to the outlet. The first 
is easy enough, but at first thought, the second may 
not be so apparent. It is done, however, by enlarg- 
ing the. receptical through which the steam passes. 
When the use of exhaust steam in Sew York build- 
ings began to become general, the problem was pre- 
sented to me, and I conceived the idea of a tank of 
comparatively large size, at the bottom of which was 
held a quantity of water of about one-third the capac- 
ity of the tank. Into this at one end the steam was 
made to enter at the top, so as to throw the particles 
of oil and water held in suspensioTi fiiiec^-j 3k.c«rQ.- 
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wards and against the surface of tlie water. It -was 
necessary, however, to prevent too great a commotion 
iu tlie tank and to slow down the velocity of the steam 
as it passed away from the surface of the water. So 
to do this the tank was enlarged in diameter until the 
steam in passing through it, was comparatively quiet. 
I use tanks arranged as shown in Fig. 92. 

I find that an 8-ii)ch exhaust pipe to a 48-iiich tank 
placed on its side, is about the safe limit of propor- 
tions. The tank's length should be about one and a 
half times its diameter and the flanges as near the ends 
as possible. 

When room is a considerable object, I use a tank 
on its end as shown in Fig. 93. The distance from 
the inlet to the ontlet is less than with the horizontal 
form, but the area of the tank can be increased by its 
length, which is only limited by the height of the 
basement or cellar of the building. 

With tanks like the above there is no difficulty 
in redaeing the velocity of the steam to one-thir- 
tieth or one-fiftieth of what it has in the pipe, and 
under such conditions the projection of the particles 
of the grease against the water appear to be unaffected 
by any tendency of the steam to find a short cut to 
the outlet. 

Another advantage such an apparatus has, is that 
it takes the violent pulsations of he engine off the 
back pressure valve and aids materially to stop the 
noises that are communicated to the walls and floors 
of a building by the quick running electric engines. 
The illustrations Figs. 92 and 93 have the same ref- 
erence letters. A is the exhaust inlet from the eu- 
B the exhaust outlet to the outside or the heat- 
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ing ajBtem ; c, tlie lighter oila floating upon clean, hot 
TV-liter ; d, Lotwater ; e, sediment ; D, a dam to prevent 
the oil returning and overflowing the bars E ; E, bars 
for the same purpose ; F, inverted ovei-flow pipe and 
water level ; G, auti-ajphon pipe ; H, pipe to the 
blow-oif-tank or sewer; L, blow-oif valve : M, over- 
flow valve; I, back pressure valve; J, check valve 
controlling heating system. The body of the sepa- 
rator is made of about \ inch iron. 

The operation of the apparatus is as follows ; The 
exhaust steam from the engine enters the separator 
through the pipe A, and is projected directly on the 
surface of the water already contained in the tank, 
the oil and water settling at their separate and 
natural levels, and the steam turning upward and 
outward through the pipe B to the external aii' or 
the heating system. When the water has reached 
the overflow level, it will continue passing up 
through the inverted overflow pipe F, which al- 
ways draws its supply from the lower end, being 
sufficiently submerged to be below the floating oil. 
This keeps a constant level in the apparatus without 
attention ou the engineer's part, excepting to draw 
the contents of the apparatus off now and then, once 
a week or a month as the case may be, through the 
pipe and valve L. The regular overflow through the 
pipe E and vaive M is clean water that will not clog 
or efl^ect the pipes. The action is continuous as long 
as the engine is running, the accumulation of water 
simply overflowing. The function of the pipe G is to 
prevent ayphouage. Without it the pressure in the 
tank would charge the pipes E and M and syphon 
the entire contents away. 
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By the arraugemeut of the dam D aud the cells 
formed by the bars E, clear water is always esposeil 
to the greasy stream as it is projected downwards, 
Tlie entrained water in the steam has already collected 
the grease, so that the globules of water and grease 
are thrown ou the water in the cells between btirs. 
The impulse of the steam depresses the level of the 
water in the cells and compels it to move towards the 
ovei'flow end at F. The return wave of the water is 
at the surface, and flows in the opposite direction 
against the dam, over which it does not go. The con 
tinned pulsating surface of the water between the 
bars tends to force the oil to the opposite aide of the 
dam, thus always presenting a fresh clean surface of 
water for the reception of the oil. 

The exhaust steam, freed of its oil, passes ont 
through the pipe E and valve T for use in the heat^ 
ing system, and when condensed can be safely re- 
turned by the feed pump for further use in the boiler. 
The small amount of water deposited and wasted from 
the separator does not repay an effort to return it to 
the boiler, though it may be of value for other uses, 
and in some cases it is used and allowed to overflow 
into the open tank of the hydraulic elevator system, 
where the gi'easy water is found to be a considerable 
factor in keeping the hydraulic cylinders in good 
order. 

In cleaning the separator, the stop valve M is 
closed and the sediment valve on the bottom is 
opened, when the pressure will purge it. 

Of course if the water from the separator is to be 

ntilizedj a separate connection to the sewer sUoTddk 

^^Orided for use in cleauiug. 
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To make the apparatus entirely automatic a " Eojal " 
steam trap cau be lutroducecl into the pipe M aud 
allowed to waste into tlie pipe H. A water glass may 




Fig- 94- 



be placed on the side of the apparatus to show at ft 
glance the level of the water. 

The position of the grease separator is an important 

ij^uestion. In the foregoing chapter I show it foUow- 

Ht tie feed water heater. Some 'gTceia-c Vi ijlaw it in 
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file system in snch a manner that the steam will pass 
tbrongli it before it paBsea throngli tlia feed water 
heater. There may be aome advantage in this by 
keeping grease out of the heater. All heaters, how- 
ever, play some part iu the separation of grease 
from steam, and were it not for this fact aloue, there 
would be a great many more burned boilers in our 
city buildings. Of course when the feed water heater 
is OQ a branch of the exhaust pipe it cannot act as a 
grease separator to any appreciable extent. 

Pig. 94 shows a combined grease separator and feed 
water heater which I designed. The steam is first 
projected against the water and then allowed to pass 
through the feed water heater, which is suspended 
directly in the grease separating tank. It saves in 
cost and room, makes a very efficient heater and it ia 
supposed by some to take exceedingly fine particles of 
oil out of the steam that may by some means escape 
the water. In the Mauhattau aud Merchants' Bank 
Building, 40 and 42 Wall street. New York, one of 
these water tank grease separators can be seen where 
it lias been in use since 1886. 

The water of condensation is collected in a receiv- 
ing tank, and in all those years no grease has ac- 
cumulated in the receiving tank, not to consider the 
boilers at alL 




' BOILING AND COOKING BY STEAM. AND HINTS AS TO 
HOW THE APPARATUS SHOULD BE CONNECTED. 

liUtQE institntiorts with many inmates find it almost 
impossible to cook without the aid of steam, and mau- 
afacturers have long eince abandoued all externally 
fired kettles for thia purpose. Of the superiority of 
steam as a means of drying aud coolciug, there is no 
question, and the occasional failures which occur 
E^ould not he attributed to steam, but to errors in the 
oonstrnction of apparatus, and an ignorance of their 
Qse. Satisfactory appliances are within the reach of 
the steam-fitter, though frequently the ruinous compe- 
petion in small things, which compels the lowest bid- 
der to neglect and omit everything possible, or in 
other words, "to do the least for the least money," 
ruins the effect of otherwise successful machines. 

The first and commonest kind of cooking by steam 
is " steaiaing," which is again divided into steaming 
in the atmosphere (or at atmospheric pressure), and 
steaming under pressure in closed tanks or boilers. 
Steaming can be used in the preparation of anything 
into which water cannot enter or become part of, 
as oils, or of substances which want an addition of 
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water, but are capable of tating up only sufficient 
water to properly prepare tliem as vegetables, or sub- 
stances which want to be bleached or disintegrated, 
as rags. 

The simplest form of steamer is the ordiuary kitchen 
steamer ; a wire basket or tin pot with holes in the 
bottom of it, euspendecl in a larger pot with water in 
the bottom of the latter, the water not reaching the 




bottom of the basket. The steam, rising and mixing 
with the air iii the basket, gives a uniform heat when 
the water iu the lower pot is boiling. 

It is well known to the intelligent cook, that vegeta- 
ble-cooked this way can be done through without 
breaking or without losing any of their starch. This 
cannot be done in boiling water, as the mechanical 
action of the water during ebnlHtiou breaks and 
washes out part of the substances before they can be 
aafficientlj cooked in the center. 
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The modificatiou of thia simplest kitchen steamer, 
nBed ID large buiiiliuga, each as hotels and pablic in- 
Btitations, in shown in Fig. 95. 

The outside case, A, ma; be of cast-iron, or sheeL 
iron riveted ami soldered with a cover of sheet-iron. 
The baskets, B B, rest inside the outer case on a 
perforated shelf, V, and are uanally made of heavy 
tin plate, with holes in the bottom for the condensed 
steam to run off. 

The connections to these steamers require particular 
attention, far more than would appear from a superfi- 
cial examination. The condensed water which gathers 
in the bottom of the outside case should be carried to 
the sewer or drain, and must be connected in sach a 
way that the foul air of the sewer cannot return into 
the steamer ami cootamiuivte the food. And as much 
— and more — attention should be paid to the wasts 
connection from a vegetable steamer thau is paid to 
the connections from a wash basiu, even in & sleeping 
room. It is not only essential how the connections 
are run, but from what material thej are composed, 
and further, how the joints are made, and from what 
material. 

As the steam and hot water are capable of destroy- 
ing lead pipes and traps, or working the lead joints 
out of cast-iron pipes, it is beat to use either wrought- 
iron screwed pipe, or cast-iron pipe with rust joints, 
using a very deep S-trap, constructed of fittings, with 
plugs at every corner, so as to get straight openings 
at every part o( the pipe, by simply removing the 
plugs. This is necessary to remove grease, or any 
obstruction that may pass into the pipe. The 
ims sijould be of large diame^t (^^u^ 3 ioches] 
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with the trap sufScieiitly deep to prevent the pres- 
sure of steam within the Hteamer from blowing it 
out, and connected with some coiitrivanue, vacuum 
valve or vent pipe, run on approved sanitary princi- 
ples, to prevent lis siphoning out, as is common to all 
soil pipes. 

There in another source of contamination or poison 
in the connections of vegetable steamers, or any other 
steam boiler, which must have a vapor pipe. These 
pipes should not be constructed of galvanized iron or 
copper, or any other substance whose salts are poison- 
ous, as the condensation which takes place within this 
vapor pipe falls back into the kettle, oontinually 
washing down carbonate or sulphate, or whatever may 
be formed, that yields easily to the action of pure 
water. These pipes should be constructed of iron 
gas pipe, with screwed joints, or caetiron pipes with 
rust joints. 

The live steam connection to an open steam box or 
steamer should be very small. Usually a f or ^inch 
pipe is used, and there is no discretion exercised in 
the manipulation, bat an endeavor made to cook as 
rapidly as possible, regardless of steam. Beyond a 
certain quantity of steam admitted, nothing is gained 
in time, as just steam enough to expel the air is all 
that can be used ; a greater supply is only wasted 
through the vapor pipe, or escapes into the kitchen 
under the edge of the cover. 

There is another point in the construction of open 
steamers worth couaidering, namely, a water seal 
around the edge of the cover. The seal consists of a 
groove or channel around the top edge of the case, 
into which a rib around the uudev aid^oi \\i.6 <iO'^«t 
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fitB, as can be seen at a', Fig. 95, This seal should be 
as deep as possible, and to be effet;tive should run 
around the whole cover, and not be dispensed with 
on the side of the hinges, as is frequently done. The 
object of tliis water trap, or seal, is to prevent steam 
from escaping into the kitchen and to force any excess 
of pressure out through the vapor pipe. To get the 
greatest economy, the water seal should be 2 inches 
or more deep, with a small sized vapor pipe with a 
valve in it, so it can be choked down to hold a pres- 
sure in the steamer, but not enough to force the water 



Steaming ander pressure must be done in a closed 




Fig. 56. 



lioj'er or tight tank capable of resisting high pressure 
steam. A common form of this class of steamers is 
the r^f; boiler in the paper mill. It is a horizontal 
cyHudiir, with conical ends, supported on trunions, 
and m.ide to revolve by machinery, so as to use the 
mecharic.^i motion in assisting the disintegration of 
the rags. This boiler is shown in Fig. 96, and should 
be constructed ot exceedingly heavy iron, or it may 
Mzplode and do much, injury. The ^i.^e couneotions 
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re made at the ends of tLe truniouB, a, which are 
rovideil with stuffiug-boxes revolviiig aroand the 
lipe, thiis leaviii{5 it stationary. 
Another form of high pressure ateatoer ia an upright 
tank of stroug coustruction, 

fats are rendered and separ- 
ated hy the action of high prea- I 
sure steam. This tank is shown ' 

. 97, and is often 20 to 30 
feet long. The fats and oils stratify 
according to their gravity, with the 
water of condeiisatiou underneath, 
■ud are drawn off at the numer- 
>iiB cocks, according to their qual< 

ity- 

The steam connections on thesd j 
tanks are made at the top and J 
bottom, and they are sometimeB 
constructed with a spiral coil near 
the bottom. 

Cooking and manufacturing by 
the transmission of steam heat 
through metal surfaces and not by 
direct contact, as in steaming, re- 
quires apparatiis of varied designs, 
often the result of years of ex- 
peiimenting, the following modifi- 
cations being the most common 
Figs. 98 and 99 shows sections of two of the ordi- 
nary forms of double-bottomed steam cooking kettles. 
The various uses to which these kettles are applied 
are wonderful. Differing very little in shape, the size 
alone adapts them to the special use. &me.\\ m&%t*^ 
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to 40 gallons, can be used for glue melting, etc, 
running from 60 to 100 gallons ai-e mostly used 
hotels and institutions for cooking meats and farina- 
ceous foods, and larger ones, up to 500 gallons, arel( 
used in sugar-houses and soap-boiling establish men ta. 
P Sizes to 200 gallons are usually cast-iron, but larger 
I'Oues are often made of 'wrought iron, riveted and 
■ calked. 

TliH connections to these kettles are plain, but the 
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Fig. gg. 

steam pipe should be large, and the return water pipe 
should not be put back into a return gravity circulation 
apparatus, but should be carried away by a good steam 

^^ trap of approved pattern. 

^^ Vapor pipes from these kettles should be of iron, 

^^Pfor the same reason mentioned in connection with 

^^B " steamers." 

^H The pipe from the inside of the tetUe, which carries 
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coDtents to a receptacle or sewer, should be large, 

is a,n<l plugs at every right angle, instead of 

lows to permit of easy and rapid cleaning should it 

get stopped with grease or any other substance which 

Lardens on cooling. 

In these kettles steam cannot be wasted unless it is 
passed through a defective steam trap, the consump- 
tion of steam depending on the amount of work to be 
done and the radiation from its outer s 
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This radiation is often partly prevented by an out- 
aide loose jacket, and if the space between the jacket 
and the kettle is filled with some non-conducting ma- 
terial, the loss of heat from the outside of the kettle 
will be reduced to a minimum. 

There is another class of kettles or pans which are 
not double-bottomed, but boil aud cook by steam heat 
transmitted through spiral oils, passed around the 
inside of the bottom, the pan itself being partially ex- 
hausted of atmosphere in order that the ooutents may 
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boil at & temperature much below 212° Fahr. These 
kettles or pans are uauallj very large, and are princi- 
pally iwetl in siigar-kouses and condensed milkestab- 
lisliiuents, or any place wliere boiling or evaporating 
at very low temperatures is desired. 

Pig. 100 shows a section of one of these pans. The 
principal point of importance to the Bteam-fiiter or 
coppersmith are the sizes of the pipes and the man- 
ner in which they shouhl be run. 

When a quantity of water is to be raised from ordi- 
nary temperatures (35" to 55° Pahr.) to boiling, it must 
be borne in mind by the fitter, or constructor, that it 
will take in steam at least ^ of the weight of the water 
in the pan to raise it to the boiling point, and that 
when steam is first turned into the apace between the 
bottoms of jacketed kettles or into the spiral coils of 
tanks or vacuum pans, the shrinkage, i. e., condensa- 
tion of the steam, for the greater differences of tem- 
perature is something enormous, and unless the sup- 
ply of steam is continuous and high and the pipe 
which conveys it ample for the greatest amount of 
work that can be put ou it at any one time, the result 
will be the filling up of the space or coil with water. 

This is a point of more importance than appears at 
first. It is a common thing to find a stock-boiler or a 
kettle of any kind that will not begin to boil for hours 
after steam is let on, provided the kettle has been 
filled with water before the steam was turned on. It 
is also found that shouhl the steam be turned on first 
aud the water mu into the kettle gradually after- 
wards, that in most cases, hy the time the kettle is 
full, it will also be boiling. Kow the reason is plain 

\ough upon a little consideTfttioii. Wheu the kettle 
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is full of cold water it in in a conditiou to be a good 
condenser, and when the steam ia let into the coil or 
steam space, it is instantly condensed and there is a 
vacuum or a very small pressure within the eoil or 
steam space. This preveuts the condensed water from 
running off into the condensed water pipes, where 
there ia always considerable back pressure, and tlina 
the coil or space becomes filled with slightly warm 
water, while the kettle is filled with cold water. This 
forms a deadlock for a time. The steam, however, 
ceases to condense when it cauuot pass into the coil 
or steam space, and tlteu its pressure asserts itself aud 
a little of the water is forced out of the coil and into 
the return pipe ; but only a little, for just as aoou as 
the steam meets the cold water again its pres- 
sure is reduced aud a very small part of the coil only 
is active, the upper part, or the part near the inlet. 
This goes on for an hour or two or three, aud then the 
steam gradually overcomes the cold of the water, as 
the coudeusiug power of the water becomes less. 

Of course it the pressure of steam is great enough 
and the pipes very large, the steam will assert its in- 
fluence quickly. We are therefore to use as large 
pipes as practicable in such cases, and coils of large 
diameter and a few turns in preference to long coils of 
small diameter pipe. 

With small inlet pipes and coils the trouble may be 
overcome by turning ou the steam aud admitting the 
water slowly, but this cannot always be practicable. 

Long, flat wooden vats, with a coil of any convenieut 
shape, in the bottom, are often used for the evapora- 
tion of the water from brine by the salt manufacturer. 

;haust steam from neighboring engines can be used 
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d other. ' 



liere to advantage, thus utilizing lieat that would other, 
wise be lost. 

Another common waj of n-arming or boiling water, 
when the object ia not evaporation, but the wavmiui; 
of a tank of water for laundry purposes, or when the 
addition of the condensed steam is a benefit {provided 
it is not greasy), ia to put the steam pipe directly into 
the water in the form of an open butt or a perforated 
coU. Thia mode is usually attended with noiae, but 
it ia quick and effective. 

When a perforated coil is used, it is usual for the 
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fitter to have as many small holes in the coil as will be 
equal in the aggregate to the area of cross-section of 
the pipe iuthe coil, butiu practice this ia not nearly 
sufficient, if he wants to pass out all, or nearly all, 
of the steam and water which the supply-pipe is cap- 
able of passing. 

Within an empty pipe, steam has a very high veloc- 
ity, but striking the water as it passes the holes re- 
tards it so much that five to ten times the area of the 
pipe in small holes has not been found too great in 
practice, the time of boiling lessening rapidly up to 
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ten times with shallow water and forty pounds of 
steam. 

The pressure of the steam and the depth of the 
water affects the time of heating; high pressure accel- 
erates and deep water retards it. 

The lower the pressure of the steam that will pass 
out, as it strikes the water, the less the uoiae will be, 
and a good way to avoid noises is to have a coil or pipe 
of large diameter in the water, with a great many small 
holes in it, letting the high pressure steam expand 
into this perforated pipe through a " throttled " valve_ 
until the desired low pressure is attained. 

Another way to prevent noise is to place an iron 
cylinder with wire-cloth ends, filled with shot, over the 
end of the steam-pipe, the pipe turned up into the 
cylinder, and the cylinder in a vertical position. 
(See Fig. 101.) 

Still another way to warm water with steam is at 
the nozzle or cock where it is drawn. A very simple 
method ia by niinghng the steam and the water after 
they pass their respective cocks or valves, as shown at 
Fig. 102. There should be no cock or valve put in 
the bib, a', for closing it will either force the water or 
steam (whichever has the greatest pressure) into the 
other. Therefore it is necessary to have little or no 
resistance in the pipe after passing the valves. 

A very simple noiseless nozzle is shown in Fig. 103 
It consists of an enlargement after passing the valves 
filled with shot, with a strainer to prevent the shot 
from passing out ; or it may be filled with clean 
gravel or anything the steam and water will have the 
least action on. By the regulation of the valves, a 
steady stream of water of almost any temperature be- 
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tween 2 12° and the temperature of the cold water can 
be had. 

Often the piiw-fitter is called npon to construct ap- 
paratus to warm water for bath-houses, lauudries, or 
any place where they have no steam and require uo 
power, hence do not wish to have a steam boiler, bnt 
nevertheless use more water than can be warmed by 
the ordinary water-back in the stove. The problem 
is then, to warm the largest amount of water with the 
smallest expenditure of fuel. Fig. 104 shows an ap- 
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paratus that for permanency and coat of mainteuacce 
is very satisfactoi'y. A, is a tank of any convenient 
shape ; B, a cast or wrought-iron boiler, similar to that 
used for green house heating ; 6^, a connection from top 
of boiler to the side of the tank, not very high up, as 
all the water below the point where it enters the tank 
cannot be estimated as part of the working capacity 
of the tank, for it is necessary to always keep this 
pipe covered with the water ; D, the return pipe from 
the tank to the boiler, its inner end being carried a 
few inches above the bottom of the tank to prevent 
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sediment from being carried into the boiler; and f 
the pipe leading from the tank foi' the distribution 
of the hot water, the position it occupies being im- 
portant, as it must always be above the pipe C, to 
prevent the possibility of drawing the water in the 
tank entirely down to that point. 

The tank may be furnished with a ball cock to the 
cold-water pipe, as shown at J^, to keep a constant 
level of water. 

By feeding the water into the tank instead of into 




Fig. 104, 



the boiler, impurities are deposited in the bottom of 
it instead of being carried into the boiler. The same 
is true of all hot water apparatus, if the bottom of the 
tank is below the return pipe, with capacity enough 
in the tank to prevent rapid currents. 

The above is one method often used in warming 
swimming baths. A boiler of the hot water pattern 
is set up at some convenient part of the building, 
below the swimming tank, and ciit^ulaiUii^ \.\^'& G 
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and, I> are connected -with the tank. The tank may 
be of any desired shape and size, bnt otherwise the 
apparatus is tlie same as that shown in Fig, 104 

Although the foregoing method is often used for 
warming large tanks of water, it has one objection, 
which becomes greater as the water contains impuri- 
ties. Nearly all tlie water of the tank is made to pass 
through the boiler at some time, and in doing bo it 
deposits mud and other substiiuces it may hold in 
suspension withiu the boiler. To obviate this an ap- 
paratus similar to Fig. 105 may be used, T repre- 
sents the swimming tank, on each side of which there 
may be one turn of large diameter pipe. The pipe 
should be in a recess r in the side wall, so there will 
be no likelihood of a diver striking his head. In a pit 
at the eml of the tank is a boiler jBwith an expansion 
tank, and in other respects a regular hot-water appa- 
ratus. In such an apparatus the water is always 
the same, and of course there is no deposit of mud in 
the boiler. 

In small apparatus for making hot water, a coil of 
pipe is sometimes used in a stove instead of a boiler, 
but it ofteu fills with mud or lime and burns out. 

Before leaving the C|uestiou of boiling or cooking 
I will refer to Fig. lOC, which shows a pair of steam 
roasting ovens. They are cast-iron lyith double bot- 
toms and double sides for about two-thirds of their 
heights, the double side forming a terrace or step on 
the inside of the oven. It is within this space that 
the steam circulates. Tight-fitting heavy covers fit 
over one-half the top to retain the hot vapors given 
off by the meats. Thoy jire connected similar to an 
ordinary radiator, and are liei-omm^ ■aro.cVi. VvVfei^s, 
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public iustitiitiouB, ail oven being capable of holding 
60 to 70 pounds of lupat, ami cooking it in an lioar 
and one lialf with forty jt^muils of pressure of steam. 




Fig. io6. 



Meatw CMokeil in one of these ovens have all the 
appearaiico ii[ n pot roast and will become tender 
when tliG same part of the animal in the ordinarf 
oven will be hardly fit for food. 




Thbee-fodbths of all the mauaiactarera outside of 
the metal trades, ftud eveii many of them, use heat for 
(Iryiug purposes; and various as are the mauiifactur- 
era, so various are the modes of drying, in many in- 
stances satisfactory results beiug attained only by 
years of experience. No manufacturer of wooden 
articles can get along without a drj-iug kiln. The 
laundry man or woman, the dyer, the hatter, the shoe- 
mater, the toliaccouiiist, the piano and organ maker, 
the dried-fruit manufacturer, the japanner, the tanner, 
all must have a means of drying faster and more con- 
veniently than can be had by exposure out-of-doors, 
and even now the common red bricks are often dried 
l»y artificial heat and forced currents of air when the 
weather is too cold or damp to do it in the open yard. 

Usually steam is used in drying rooms and drying 
kilus because of its cleanliness, its even distribution, 
its safety from lire, its easy and quick management, 
and the cheapness of its maintenance. 

The higher the temperature of a drying room, the 
cheaper can the articles be dried. This may not ap- 
pear plain at first to those who have studied the lawa 
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of equivalents, but uevertbeless it is so, lieing caused 
b; local couditious, which always preveiit the utilim- 




_ idou of all the heut. Thus, thu gi'eater the difiEerenoe 
■in tefljperature and tlie b\q^6'c W>.b mo^aiaeTilSi q1 \i 
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air up to the poiut of sataratiou, the better the result 
in the lauudrj or dry kilu, or any place where rapid 
drying ouly is the object, 

In no other place is the power of radiant heat (di- 
rect radiation) more manifest than in the drying room, 
and more failures can be traced to placing coils under 
skeleton floors, or flat ou the floor, than any other 
cause, except, perhaps, an ignorance of the principles 
ot piping, which so many consider can be done by any 
one who wears a pair of greasy overalls. 

I have proved, in many cases, that the same amount 
of pipe or plate surface, distributed around and be- 
tween the materials to be dried, will do the work in 
half the time-it takes the heated air from au indirect 
coil. This is no mistake ; and fui-ther, wooden blocks 
can be dried lighter (proviug there is more water 
driven off) by direct radiation than by indirect radia- 
tion, the times and temperature being the same. 

Accoxdiug to the above it is plain that in the con- 
stmctiou of dr3nng houses for most purposes, the heat- 
ing surfaces should be ho placed and distribnted that 
the direct heat rays from the iron could fall uninter- 
rupted on the greatest surface possible of the mater- 
ials to be dried. 

Fig. 107 shows a perspective of a good arrangement 
of a direct radiation laundry drying room coil, utiliz- 
ing all the radiant heat that is thrown off aud giving 
a thoroughly uuiform heat throughout the room. A 
A' are headers (often called manifolds), usually made 
of extra heavy pipe to admit of tapping and threading 
instead of using T's, for the coat of the heavy pipe and 
the drilling and tapping is very much less, and the 
header better and straighter, tbau YiUeu co^a.'^i:i'i!A^ ^^- 
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many short pieces of large pipe and the necessary T's. 
(These remarks apply to all large coUb.) 

B B are the spring pieces, threaded right and left 
(landed ; C C, the leaves or sections of the coil ; and B 
D, the coil stands. The stands are always in pairs, to 
admit of giving the necessary division and inclination 
to the pipes, and when viewed through the holes look 
like Fig. 108. The dotted lines are the centers of imag- 
inary pipes to show the pitch. Whoa coila are very 
wide in the direction of the length of the headers it is 
well to keep the coil stand 2 or 3 feet from the 

I header at that end, to prevent the expansion from 
! 



Fig. loB. 



pulling the screws from the floor. The distance be- 
tween the holes in the standing coil header is usually 
about 12 inches, or as wide as the clothes-horses are 
from center to center. 

The usual way to build these coils is to start at the 
bottom header A, Tig. 107, and to put each leaf, G, to- 
gether continuously, working upward until the elbow, 
is reached ; when all the leaves are so far con* 
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structed, with a.11 tlie elbows looking up, witli their 
left-btLDded thread uppermost, couiit in and mark the 
right and left-handed spriug-pieces B, then apply the 
upper header A, and screw the whole up as uearly 
alike aa possible. Do not be persauded to do away 
with the spring- piece a and the elbows through 
ecouoiny, so as to connect the upper headers 
straight, as in a box coil; if you do you will have 
trouble should you want to take down a single leaf for 
repairs. 

Fig. 109 shows sectional perspective view through a 
laundry drying-room ; a being the coil ; h, the clothes- 
horse ; c, the suspended rail from which the horses 
hang, d, fresh air inlet duct ; e, its damper or regu- 
lator;/, ventilator with regulator, usually goverued 
by a cord and bell crank, and drawn back by a Bpriiig ; 
and g, the space into which the horses are drawu, which 
of necessity must be as long as the horses. This style 
of drying-room gives the direct radiation from both 
sides of the leaf of the coil to the fabrics to be dried, 
and also exposes both sides of a fabric to the direct 
radiation of a section or leaf. 

For high or low pressure steam 1-inch pipe is gen- 
erally used in the coil ; and if exhaust steam is to be 
used the pipes should be not smaller than 1 inch, and 
the total length of any one leaf should not exceed 100 
feet of oue-inch pipe under a back-pressure of 1 pound 
at the engine. 

For exhaust steam the upper header shonld be 
large, 3 inches for 12 leaves of (iO to 80 feet each, or 
about 700 to 1,000 feet in the coil gives satisfactory 
results. This should be increased in porportion to 
the increase in the number of leaver, a. \-uiQ\i. '^\'^ 
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leader beiug enough for a coil of from 1,500 to 3,000 
tneal feet of 1-iucli pipe. 
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Unless the exliaust steam is carried a long distance 
jrizoataily, the pipe leading to the header may be 




ne or two sizes smaller thau tlie header, provided it I 
i large enoiigh for the engiue. 
"With steam of higli tension, small pipe headers ^itit 1 



I 
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T-fittiuga may be used ; but where tbe pressure is 
variable, a large bender insures an equal diatribniioB 
of steam to all the leaves of tlie coil. 

Sometime gridirou or flooi" coils are used ou aoconnt 
of saviug espeuse, but the same ameuut of pipe in thin 
form wiU not dry clothes as fast as the standing sec- 
tion eoil. 

Figs. 110 and 111 show gridirou coils of easy cou- 
Btmction, a a being the manifolds or headers ; b I, 
right and left elbows; cc, eoil pipes right handed, 
and d d, right aud left handed spring-pieces. In Fig. 
110 the pitch of the pipes and headers is in the direc- 
tion of tbe arrows. 

These coils are often used iu lumber-drying kilns, 
but the same amount of pipes arranged around the 
walls iu miter or wall coils will give a far better re- 
sult, aud will not be a receptacle for dirt, as a floor 
coil is, requiring a skeleton floor over it to walk on 
and pile the lumber ou. There are places, however, 
for this kind of coil. 

In piano-case manufactories, aud where specialities 
in glued or veneered furniture of the best quality are 
made, the workmeu are generally supplied with a 
drying cabinet, of a size suitable to the pieces to be 
dried, iu which the work is heated before the glue 
is applied, aud into which it is again placed to dry 
properly. 

These cabinets are usually rectaugler boxes, with 
holes in the bottom and top to allow the air from the 
room to circulate tlirouj;h them so as to carry oif the 
moisture. Their steam coils are usually of the grid- 
iron pattern, flat on the bottom of the bos, with the 
valves ou the outside. Sometimes they are heated 
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indirectly by the warmed air conveyed in tin pipes 
from a large coil placed iu some favorable poaitioii. 
Some manufactures claim the quicker the work can 
be dried after gluing the better it will be. 

In large drying kilns on the direct radiation prin- 
ciple, where pipe enough canuot be put on the walla, 
rowa of Btancheona sliould be put up to hang the 
coila on, in such a manner aa not to interfere with 
the gangway a. 

The tobacconist prefers to dry without artificial 
beat, in a temperature of about 60°, with a rapid 
change of air through the windows. This appears to 
give dryness without brittleness, but at night and in 
damp weather it is necessary to close the windows 
and to get the stock out in time recourse must be had 
to Bteaia coila. A temperature of 130° is generally 
considered ample, and can be easly attained iu a dry- 
ing room, 

The additional quantity of pipe necessary to raise 
the temperature of a drying room from 120° to 130°, 
if again added, will not raise it from 130° to 140°. Aa 
the temperature of the drying room approaches the 
heat of the steam pipe, the heating surface has to ba 
enormously increased to obtain an appreciable increase 
of heat in the room. 

"With low pressure steam — 2 pounds per sqnare inch 
or thereabouts—it ia difficult to obtain a temperature 
above 175" in tiie drying room, no matter how much 
surface is used, and with steam at GO pounds pressure 
the practicable limit ia about 275° Fahr. 

Before leaving the subject of drying-rooma I will 
add & little data I once obtained by experiment, when 
ftbout to oonBtruct a large drying-ioom. ia a. '^xWnx. "^ 
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was necessary to find hov much vater was driven ol 
in the drying-room and to do so I weighed the cloth- 
ing, dry before washing, and also weighed it after 
passing it through an ordinary rubber wringer. 
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/Then evaporation is produced by the direct action 

of steam, as in boiling water, it is a well established 
fact that to drive off 1 pound of water from any sub- 
stance requires the heat of 1 pound of Bteaiu. This 
fact forms the basis of computation in arriviug at the 
cost of drying. Of course there are other losses due 
to transmission, improper apparatus and wasteful traps, 
all of -which must be added when known or assumed 
when unknown. 

A maker of bricks once came to me for advice as to 
the best method of drying them in winter time, say- 
ing he had been trying some experiments with direct 
radiation steam coils placed under and around the 
stacks of compressed clay. He found the cost was 
enormous and probably prohibitory and wanted to 
know what, if anything, could be done to reduce the 
cost. He explained that his output was 60,000 bricks 
a day and that each brick contained an excess of about 
IJ pounds of water, or 75,000 pounds of water he had 
to get rid of each day. 

His boiler was about 100 horse-power, as boilers 
tfffa roughly rated in boiler makers measurement, and 
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he bad nin it day aud night, bnrniug S to 6 tons of coal 
at|5 per tou, without making any very appreciable im- 
pressioti on the moisture in the bricks over what tUej 
eould show -without auy heat. Now thia person was 
evaporating about 5,000 pounds of water every hour 
in his boiler, aud for 24 hours it would amnniit to 
120,000 pounds, or about double the water he was try- 
ing to drive from his bricka. Still he was not success- 
ful because the heat could not be applied iu such 
sheds, aud even with the best of sheds he probably 
would have to evaporate twice the quantity of water 
in the boiler that he eoukl drive from the bricks by 
the condensation of the steam. What was to be done ? 
The answer was, try air. Warm dry air if yon can get 
it, if not, such air as you can obtain. 

If air is warmed from fiO° Fahr. to 100° it is capable 
of taking up approximately 15 grains of moisture per 
cubic foot of air. Of course the air will be cooler 
somewhat by this, but assuming it is still capable of 
taking away only 5 grains of moisture per cubic foot, 
taking iuto consideration it ia cooled to 50° Fahr. in 
doing so, 1,000,000 cubic feet of it is capable of taking 
away 5,000^00 grains or 1,000 pounds of 'water. Now 
it was necessary to take away 75,000 pounds of water 
in 24 hours so that approximately 3,000,000 cubic feet 
of air per hour under these conditions properly ap- 
plied will dry the bricks. 

The expense will be the cost of moving the air with 
a fan and engine, which under a resistance equal to J 
inch of water per square inch ofs urf ace, is theoretically 
equal to 1 horse-power per million cubic feet of air 
moved, and iu practice is about 6 horse-power for 3 mil- 
" >fl cubic feet. The exhaust stea,TOlioi"EQ.^\iiae.TisS'iie and 
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from any other source or engiiies there may be on the 
premises can be used to warm the air as far as it may 
go, but I do not propose to warm the 
air hy direct steam from the boiler, aa 
almost any air, day or night, is capable 
of taking up some moisture, as every 
one should know by watching clothes 
dry on the line during a freezing day, 
or any day that is not raining or foj^i^'^ 
I'ive grains of moisture per cubic t i A 
of air is probably not too high, Imt 
even if it is, by 50 per cent, twice the 
quantity of air moved will do the same 
work, so that 12 horse-power for mov- 
ing air is a liberal estimate for drying 
60,000 bricks. It is simplj- acceler- 
ating Nature's method. 

Since that time many persona dry 
bricks with force and a little heat, par- 
ticularly stove linings, terra cotta and 
the like. The goods are placed on 
racks in long rows enclosed hy shut- 
ters, so the air will be forced length- 
wise over the whole mass. Sometimes, 
where engines are not wanted, aspir- 
ating chimnies are built and the air is 
moved in this way by drawing it. Fig. 
112 shows a method where the fan is 
employed, and Pig. 113 shows the as 
pirating shaft. 

When steam is used coila may be 
placed, as shown, in the racks. When 
the air first enters it has a certaiu. 
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Fig. 113, 
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' capacity for moistme, but of course tliia becomes 
as it traveU ou its way over the wot goods, A 
ooil at a raises the temperature of the air, and its povei 
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to tate up more moisture is increased. As it becomea 
saturated again, another coil, J, helps its absorbing 
power again, and this maj be carried to a considerable 
extent in drying certain things. It produces a com- 
paratively uniform drying and prevents the necessity 
{if changing the poaitioua of the goods. In the case 
of brick or heavy articles that cannot well be moved, 
ducts may be run underground or in any other man- 
ner whereby the air can be diverted so as to blow for 
an hour from one dii-ectiou and an other hour from 
another direction, or from different directions, modifi- 
cations of which will suggest itself to any inventive 
mind. 

Innumerable are the uses to which modifications of 
this system can be applied. I have used it for drying 
bricks and stove linings and also to dry shoes in cer- 
tain stages of their manufacture. 

In rig. 113 s is the boiler to make heat in the aspe- 
rating shaft or chimney. 

"When it is not desirable, or it is impracticable, to 
use relay coils in such drying rooms, it often happens 
the goods can be stacked on movable racks on wheels 
so that by changing positions evenness in drying can 
be obtained. 

It is well to call attention also to the fact that goods 
dried in a high temperature will appear damp, and 
will be actually damp when removed and allowed to 
cool to the temperature of the outer room. This is 
caused by the great qiiautity of moisture, warm or hot 
air may contain and still be relatively dry. Airing 
before a hot coil or stove will drive off this residual 
moiflture. 
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A 8TEAM-TBAP 18 an appliance attached to certain 
classes of steam apparatus, whose object is to remove 
ihe water of condensation without a waste of steam. 
A gravity apparatus does not require a steam-trap of 
any kind ; and a proof of a perfect gravity circulation 
is shown by the proper working of the apparatus with' 
out one. 

Traps maj he separated into two principal classes 
— namely, traps which open to the atmosphere or in- 
to a receptacle having less pressure thau the heatiug 
apparatus, and direct return traps, returning the water 
to the boiler, without a considerable loss of heat or 
any loss of water. 

I will speak of the gravity return trap first, though 
they are now almost superseded by pump governing 
apparatus where there is sufficient pressure in the 
boiler to run a pump. 

These direct return or automatic traps came i 
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use about 1870, and then formed a new departure in 
steara-traps. They must, to be eiEcient, be automatic 
in action and of simple construction and positive, for 
au interruption of an hour will fill the coils and pipes 
■with water, and iu very cold weather may be the cause 
of freezing the apparatus, so that caution must be ex- 
ercised iu the selection of them. There are now two 
or three very good modifications of this trap before the 
public. 

The principle involved in these traps is simple, 
being alternately a vacuum and a pressure, but, like 
the single acting reciprocating pump which has !in fly. 
wheel to help it at the end of the stroke, it must liave 
some kind of an auxiliary, 

"With the aid of the diagram, Fig 114, the action of 
these traps may be esplained. A represents the 
boiler ; S, the trap proper ; 0, the receiver, which 
holds a certain quantity of the return-water ; J), a 
steam pipe from the boiler to the trap ; £', a pipe from 
the trap to below the water-line in the boiler ; and F, 
a pipe from the receiver to the trap carried up inside 
the globe. It will also be seen these pipes are pro- 
vided with valves ; the steam.pipe has a globe-valve, 
and the other two pipes, check-valvea ; the valve in the 
pipe F, opening toward the trap, and the valve in the 
pipe E, opening toward the boiler. 

Now, if the valve in the steam-pipe ia opened and 
steam admitted to the globe B, until all the air is ex. 
pelled and the steam allowed to condense, as it will 
do in a short time after the valve is closed (by the 
loss of heat from the steam through the sides of the 
globe to the outside atmosphere), there will be a vac- 
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uum formed in the globe, more or less perfect, vUoli 
will draw wnter from the receiver C, wlieu there is a 
pressure iu the pipe which comes from the coila or 
elsewhere ; and this water, passing the checb-Talve in 
'F will overflow into B and caniiot retnni to C, for two 
reasons — because it cannot pass the check-valve bact- 




[ ward and cannot get back over tlie top of the pipe F. 
klSovr, if the valve In the steam-pipe in opened and the 
I pressure of the steam iu the boiler admitted into the 
I top of the globe S, the pressure will become equalized 
tlwtween the boiler and the globe, and allow the watei 
pp&BS down the pipe E, aufl. \uV^o \?a« Vio'iaT a? ita 
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own gravity (precisely as it would if everything was 
opened to the atmosphere), going through the other 
check-valve, which will not allow it to pass back 
again when the valve in the steam-pipe is closed. 
Condensation will again form a vacuum, which will 
once more draw the water from the receiver to flow 
down into the boiler when the steam-valve is again 
opened, and thus the action goes on, being simply 
that of a pump without a piston. I say the vacuum 
will draw the water from the lower bulb ; this of course 
is not exactly what goes on. It is the pressure that 
sends it up, and as soon as the trap grows a little old 
and its steam valve leaks, as it always does, it would 
not work at all were it not for the pressure in the 
return pipe. 

This principle was understood and used substan- 
tially as explained above before the automatic traps 
were introduced, but as it was necessary to construct 
the two globes or tanks of large size to avoid too fre- 
quent attendance, and as it required manipulation at 
irregular intervals, which, if neglected, would fill the 
pipes with water, it was not much used. Now, since 
automatic contrivances have been invented, which 
take the place of manipulation, and which can be 
depended on with some degree of certainty, these 
traps can be, and are, used on apparatus which other- 
wise would be almost useless. Thus the diflBculty to 
be overcome in this class of traps as before mentioned 
is to construct an automatic contrivance for opening 
and closing the steam-valve, which can be relied on. 

Fig. 115 shows one of these traps, which has been 
selected as an example, not because the trap is con- 
sidered the best— for there are ot\ieic^ ec^vx^^ %oc>^ — 
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lut because tbe action of the auxiliary is so easily ex- 

iplaiaed. It is a view of tbe trap when set up ; ff Ib 

ixe steam-pipe ; G, tlie pipe from tbe receiver to the 

trap ; aud F, the pipe from the trap to the boiler. 

|Tbe valve marked i) is the steam-valve, wbicb is autom- 

'ttticallj regulated, and ia a rotary slide-valve; E, a con- 

Ixecting rod between a crank ou the valve stem and an 







arm with slack motion, a part of tbe casting 0, wbicb 
rocks ou tbe stud ; C, a tract, on wbicb rolls a ball, ^ 
also apart of the casting which rocks on the stud ■ 
before mentioned, andwliicb engages another stud, on 
the lever 5; tbe lever 5 aud its weight are a coun- 
:poia6 to a float inside t\ie ?yotfe. T\k& M.Uon is as 
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follows: When there Las beeii Tacuum in the globe, 
'the water will pass through the pipe G^ and fill the 
■trap, consequently it raises the float and lowers the 
lever and counterpoise, whose stnd engnf^iug C, draws 
it down until the track passes the horizontal ponition, 
without affecting the connecting rod iij on account of 
the lost motion. When the track has passed the hor- 
izontal position, the liall will roll along the track and 
strike on the opposite end against the hook, giving a 
blow sufficient to move the valve on its seat ami open 
it to its full extent, but not before the globe is full of 
water. The reverse motion is similar : the float low- 
I eriug, but not affecting the valve, until the water is 

I nearly all out of the globe; the slack motion allowing 
the valve to remain open until the track again passes 
the horizontal position, when the force exerted by the 
blow on the hook at the other end of the track closes 
the valve suddenly. 

Fig. 115o shows a view of one of these traps called 
the "Bundy." This trap is sometimes called a pump- 
ing trap, because it can be raafle to do about what a 
pump will accomphsh. The water of condensation 

^ passes into the bowl through the inlet D. When the 
iJowl is filled with water it overcomes the counter- 
balance weight and drops, lifting the valve stem H 
and thus opening the connection from / to the bowl 
through the long upward curved pipe and closing tlie 
connection from J. The connection / is a high pressure 
steam connection, so that steam passing into the bowl 
enters at the top and forces the water in the bowl to 
pass back through the connection D. 
The high-pressure steam pipe is often supplied with 
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B reducing pressure valve, so that steam will not rush 
into the trap too violently. The condense.;! steam inlel 
and outlet connecting to the trap must be provide! 
with check valves, so that the water cannot be forcei! 
back through a pipe through which it has once passed. 
The dischai^e connection from D should also be pro- 
vided with a resistance valve if there is tlanger of steam 
passing directly from the inlet to the outlet connection 




I 



Fig. USD. 

•t D. Wheu the water has been ejected from the bowl, 
the bowl will fall, closing the valve / and opening the 
connection from the bowl to J. This is called a vent 
connection. It allows the escape of air when the trap 
is first started up and it also acts as an exhaust con- 
nection, when it opens after the trap has been filled 
with five steam. This pipe is sometimes vented to the 
open air, where it will not be a nuisance, but it is better 
if possible to connect it into a low-pressure steam line. 
Among the atmospheric traps are found the old 
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expansion traps, now little used, and the open float 
traps, which still form a necessary part of certain 
apparatus. 

Cooking apparatus, such as nieat-bettles, or kettlea 
or tanks with coils in them, which condense much 
steam in a short time, should not be connected with a 
low pressure gravity apparatus but should have a 
separate pipe from the boiler, and be connected to a 
trap, in consequence of the great and sudden shrink, 
age of steam, which takes place when they are quickly 
lilleb with cold water. 

Pig. 116 shows a well known type of open float-traps, 
used both in this countiy and in England, of wbich 
there are many modifications of minor importance ; 




the action and principle remaining the same. .^ is a 
cast-iron pot, sufficiently strong to withstand high- 
pre'<sun6 steam, with an mlet at F; B is another pot 
(an open potl, inside the pot A, with a spike at the 
centei of the bottom and a guide to keep the inner 
pot m a central position Cis a brass tube screwed 
into the cover J), and forming a valve with the spike 
at the inside of the bottom of the pot _S/ ^is a valve 
in the cover of pot A, whicb, wUen o'g«Ba&^ w^fc »fc 
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an air-Talv6, or Noio-through, to quicken the circn. 1 
latiou when first turning steam on tlie epparatus. 

The pot trap operates thus : the condensed water 
from the coils, etc., runa in at the pipe i^aud fills the 
outer pot A with water until it floats in the inner pel 
B, against tlie stem C, closing the valve formed bj 
the spike and the tube, thus closing the outlet to the 
tank or the sewer. The water, which still continues 
to flow iuto the outside pot, rises and overflows into 
the inside pot. Then the latter sinks and opens tLe 
valve which tliR spiki^ forms with tbe hollow stem and 
allows all the water in the inner pot to be forced up 
tbrough the stem and out by the pressure of the steam 
in tbe upper part of tbe pot acting on the surface of 
the water. Thus, when the inner pot becomes bnoy- 
aut again, by the discharge of ita water, it closes the 
valve and leaves it so, until the increase of the con- 
densed water again ovei-flowsit. This action is inter- 
mittent, the frequency of it depending on the amount 
of work to be done. 

There is one point in the construction of this trap on 
which its working depends, namely, the area in square 
inches of the hole in tbe end of the hollow stem C 
must be no larger than the quotient obtained from 
dividing the weight in pounds of the inner pot when 
submerged, by the maximum pressure in pounds per 
square inch of the steam to be carried. Thus, if the 
inner pot weighs 12J^ pounds under water, and the 
greater pressure of the steam is to be 100 pounds per 
square inch, the whole must be a little smaller than 
J the (irea of a square inch, say a round hole i of an 
inch in diameter, which leaves a factor of safety of ^ 
weight of the pot. The Te&aou. iat this is plain 
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when we consider that tliere is practically no preasnre 

witbiu the stem when the valve ia closed, and for the 
ptjt to eiub, when it is full it must be heavy enough to 
pull itself away from the stem, and still be light 
enough to float with cousiderable buoyancy when 
empty. 

This type of trap possesses a special point of excel- 
lence; it will discharge the water of coudensatiou 
from coils or from the cylinder of au engine into a 
tank or sewer at a very much higher level than that 



which drains, and it will keep them as dry as if it dis- 




Fig. "7- 



charged downward. It is pecnliarly adapted to ele- 
vator engines and pumps which stop and start fre- 
quently, and are operated from the car or an upper 
floor, as it removes the water at a high tempertiture 
and will keep a steam chest and cylinders dry by 
removing the water which accumulates while the 
engine or pamp is standing with steam turned on. 

The best known modification of this trap is the 
"Mason." Mr. Charles E. Emery, C. E., designed, a 
modification of this trap which works with a eliiio 
valve, the object undoubtedly being to get a trap that 
would open auder high pressure and give a compara- 
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tively large opening. Aiiotber modification of iht v 
in wliicb leverage ifi employed for the same purpose ii 
tlip "Kieley," Fig. 116a. There is another open float 
trap. Fig. 117, which contains a special point of merit 
the valve of which is not much understood, namely, 
a trap capable pt taking recognition, so to Bpeak, of 
temperature, as well a* quantity, and which will 
discharge its water down to atmoapheric temperature 
and pressure, no matter what maybe the temperature 
of the water in the coils due to high pressure. 

To make this clear, it is necessary to explain that 
pressure, leaving the temperature of the water (when 
water which falls to the bottom side of a nearly hor- 
izontal pipe with 50 pounds pressure of steam in it, 
has not fallen to a temperature of 212° Fahrenheit, 
as is very generally supposed, but has simply parted 
with the latent heat of the steam, incidental to the 
the flow and pressure of the steam are maintained) 
a very little less than the temperature of the steam. 
When this water is exposed to a lower pressure 
some of it will evaporate again, and part of the 
sensible beat of the water will become latent iu 
the steam thus formed. But it must not be under- 
stood that all the water flies into steam. It does 
not ; the quantity of water converted into steam 
being represented by the ratio, the latent heat of the 
ateam at the different pressures, bears to the sum of 
the latent heat and the sensible heat of steam. Thus, 
when water is drawn directly from a high-pressure 
coil into the receiver of a trap, and is discharged 
against the presence of atmosphere, before the water 
hail cooled below 212°, that is a aonsiderable loss of 
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heat. This cau be seen in the blowiug of a gauge-cock, 
for though the water is solid and dense ia the boiler, 
when it is drawn, some of it flies into Rteam and makes 
a cloud wliiuh often deludes the uovite into the belief 
that it is all steam, and that jjosaibly he has low water. 
The construction of tliia trap is plain ; it consists of an 
outside case with a loose cover, au open flout with the 
month down, and a common phig-cock operated by 
the float. When steam or water above 212° in tem- 
perature is discharged through the cock and under 
the float, the latter is immediately raised by the pres- 
sure of the vapor un der neat] 1 and between the float and 
the water which cannot flow over the case. This 
action closes the cock, which will remain closed until 
the vapor condenses and allows the float to once more 
aink, when the cock again discharges the hot water 
behind it If this water is below, 212°, it will pass 
rapidly out of the case under the edge of the float ; 
but when it again becomes hot enough to make a 
little steam, the float raises and the cock is again shut. 

This trap cannot be used on au engine, as it will not 
discharge any considerable quantity of water until 
the temperature is below 212°; but for an expansion 
system, where the trap has not to discharge against 
pressure, or for an exhaust steam system, it is a good 
one. 

There are many forms of expansion traps or those 
depending on the difference of the expansion of metala 
for their operation. They are difficult of adjustment, 
and are apt to be erratic in action, aa they change 
their length with every change in steam pressure. 
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Fig. 115a shows the best kuowu form of the type of 
trap shown iu Fig. 115. It is the Kieley "Champion" 
;mil depends for its positive actioo ou a weighted lever 
that alternately passes its centre of gravity. 




CHAPTER XXVTL 

VALVES FOR RADIATORS. 



155, It is not necessary that I should say mnch 
about radiator-valve 3, as all practical men must be 
conversant with their details. lu an early chapter of 
this book, I poiuted out the objection to using a globe- 
valve except on its side for any purpose, and in con- 
necting radiators I am not sure but that I should 
take the position that a globe-valve should uot he used 
under any circumstances. A suitable straight valve for 
a radiator we have not, as a gate valve is unsuited for 
high pressures. The angle valve, therefore, becomes 
the favorite valve for ratUators, and in most cases it 
can be used with the pipes coming through the floors, 
and the steam and handle of the valves uppermost. 
It is, however, of irregular cases that I have to speak, 
and I find that it is often better in matters of this 
kind to warn a person against what should not be 
used, than to say a great deal about what may be used. 
Therefore, I say, never use a globe valve as a radiator 
valve when you can avoid it, and nerer under any cir- 
cumstances use a globe valve as a radiator valve with 
the stem aud handle in the vertical position. 



4 



I 



STEAM nEATIHrO FOR BUILDINOS. 



Fig. 118 ehowH a. radiator connected with two globe 
valres and it is on]y ueceBsary to have a practical niaa 
etudy the drawing aud discover the mistake that is so 
often made without my referring more to it in detail. 

To those who have had little or no experience with 
heating I will esplain that there is practically aa 
mauli pressure in the return end of a radiator, in an 
ordinary system, as there is in the steam end, the two 
globe valves (aa shown) will " trap " the bass of the 



heater fall of water, as represented. When condensa- 
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tion takes place, as it must, within the pipes of the 
radiator, the greater pressure in the pipes will force 
inward at the two ends and nearly alike. This will 
prevent the water accumulated in the base above the 
valve line from flowing out easily, as it should, and will 
make it assume a level still higher than is shown. This 
will make the water rise against the bottom of the 
tubes, and allow it to pass up in the tube the air valve 
when the latter is opened bj relieving the pres- 
in the heater stili. mo^e. TWa ^aa.'uaxB.V ■ta'ixjlt ia 
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the partial filling of the radiator with water, the accu- 
mulating column of which preponderates against the 
enteriug steara at the loweat oi- return end intermit- 
tiugly, thus finding its way out of the heater auffi- 
cieutly not to let the heater become cold, but accom- 
panied by noise. 

If the valvea are turned the conditions are Bome- 
r/hat better, as then the steam has a clear passage, 
though if the f;lohe valve must be used it is better to 
turn tbem with the stem sidewiae, but not quite dowu 
to the level. This gives a clear and level waterway 
ou a. vertical seution 

When the radiator connections are above the floor, 
the angle valve cannot be used unless the radiators 
have unusually long legs, or are set on supports, both 
of which ai'e objectionable. The ordinary corner valve, 
which is no more than a globe valve with the inlet and 
outlet of the valvea at right angles to each other, are 
just as objectionable as the globe valve proper, and in 
fact more so, as they cannot be used ou their side as 
the globe valves can, so that this brings us to the use 
of the offset corner valve shown in Figure 119. 

Offset opposite valves are not new, although it ia 
only recently that any maker has kept them in stock. 

Lewis Leeda, the ventilating engineer, used them 
fully twenty-five years ago, and H. M. Smith, an engi- 
neer of the New York Steam Company, now deceased, 
modeled the offset corner valve after Mr. Leeds' valve 
BO as to make a neater and shorter connection without 
the use of a nipple and elbow. His object was to pro- 
Tide a corner valve for use when connections to risers 
must be made above the floors, tliat will admit of the 
running of all the water of coudeuaalvou Vtava. 'Caa 
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base of a radiator by gravity, and wliicL in the ordi. 
nary globe valve is forced to rise to the height of tlie 
seat or " bridge " when the stem is in an upright posi- 
tion, as shown in the illustration of the radiator Fig.118. 
To accomplish this aa offset is formed in the body 
f the globe, which is plainly shown in Pig, 120, and 
qual to a little more than one-half of the diameter of 
*Le pipe. The inlet (when the valve is used as a "c« 




I 



^arn-valve ") enters highest, and its lowest aide is level 
with the top of the seat, over which the water mast 
flow to pass into the outlet. When it is used at the 
steam end of a radiator, tlie lower pipe then becomes 
the inlet, and water formed in the nipple can run 
,ekward to the riser if it is not carried into the 
the radiator. 
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Pig. 119, partly in section, shows this arrangement, 
a being the Talve-disk, c the valve-seat, and the line h 
the level of the top of the seat 

The offset corner valves are made " right hand " and 
" left Landj" so as to be used on opposite ends of the 
same radiator, and in general practice the offset valve, 
whether opposite or otherwise, can be used iu view of 
globe Valves without materially increHsiug the leDgth 
of the legs of the radiators when tliey are short, and 
with most ordinary radiators as they are now built, 
with the iulets and outlets about four inches from tte 
center to floor. 

Fig. 121 shows an improvement that may be ailtied to 
any vaive that is to be controlled from a distance. Its ap- 
plication to a radiator valvo is directly fur the purpose of 
controlling the steam in the radiator by the temperature 
of the room, the medium btung a metallic (or other com- 
position) thermostat operating an electric or pneumatic 
circuit, which in turn operates the valve by [meumatic 
pressure. It is called the Thermostatic System. Com- 
pressed air is used as a motive force for opening or clos- 
ing valves which regulate the heat supply. The com- 
pressed air is obtained either by an hydraulic or steam 
compressor, and is stored in an air receiver, and thence 
distributed by suitable pipes to the thermostats, from 
which in turn tlie air is carried to the valves. 

The steam or bot-water i-adiat[)r valve has an ordi- 
nary valve body set in the usnal manner at the end o£ 
the radiator, and connected with an expanaive dia- 
phragm which serves tu open or close the valve. 
This will be better nnderstood by the following sec- 
• ^Dal view of the diaphragm valve. 




Dmphragm Valve 



Fig. 



n ul Didphiagm Valve. 






A is the valvts bcdj ; B, the valve Jisc ; C, the ])ack. 
ing box tliroufili wliicli tbe stem pusses ; H is a 
saucer- shaped piece fasteued to the upper eud of the 
stem D. The valve is held open by the steel spring ft, 
which presses up-ward on tlie sancer H. Above this 
saucer H is the umbrelhi-shaped piece J, held by the 
standards o, a. Upou the under side of the piece J 
and fastened to its edges to prodiioe an air-tight joint, 
is the flexible diaplinigm K, niadp of clotii and rubber. 
There is an opening through the pipe M into the 

lamber formed between tlie metal piece J and the 
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through the opening M, the valve will be pnpshed down- 
ward to its seat. When the air is <a]lowed to escape 
from above K, the spring b will open the value B to 
its full extent. 

The passage of the compressed air to the dia- 
phragms on the valves or dampers is controlled by 
thermostats located in the rooms where the tempera- 
ture is to be controlled. 

The thermostat was fii'st made of a compound strip, 
made of brass and steel, and a small double valve. It 
is provided with an index whereby it is set to operate 
at any reasonable temperature, and can be so accurately 
adjusted that it will operate on a variation in tempera- 
ture of one degree. A thermometer used on the face is 
merely for the purpose of showing the temperature and 
testing the accuracy of the regulation. 

The Johnson Service Co., the Powers Regulator Co., 
and i\\2 National Regulator Company are the best 
known makers of heat-controlling apparatus. 




REMARKS ON BOILER CONNECTIONS AND ATTACH- 
MENTS. 

Feed Pipes. — The feed-valve should be a globe or 
angle valve placed uear the boiler, with the lewest pos- 
sible joints in the feed-pipe between it and the boiler. 
If it ia a loose or Bwivel disk valve, it should be secured 
with solder (sweated in) in the threads of the double 
part of the disk, so as to make it almost impossible to 
looae the disk from the stem ; a mark witU a center 
punch or chisel ia not enough. The valve should be 
so turned toward the boiler that the inflowing water 
will be under and against the disk, so that in the case 
of the loss of the disk, it will not act as a check-valve 
against the influx of the feed-water. This arrangement 
will bring the pressure of the water in the boiler al- 
ways against the stuffing-box of the valve ; but all 
things considered it is best. 

The check-valve should be closed to and outside the 
feed-valve, with only a nipple between them. Always 
use horizontal check-valve«, as they admit of easy 
cleaning. With the ordinary vertical check it is n 
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sarj to take down some part of the feed-pipe to cleau 
it. 

When two or more boilers are fed from the same 
pump, or when the pump is used for pumping water 
for some other purpose, it is well to have a stop-valve 
ou each side of the check-valve, as it will enable tiie 
eugiueer to get at his check without stopping the 
water elsewhere. 

Id passing through boiler walls or cast-iron fronts, 
care should be taken that the feed-pipe does not nest, 
or the settling of the boiler will break it off. 

Use a flange union ou the feed-pipe instead of the 
common swivel uuioo. The engineer can take a flange 
union apart with a monkey wrench, ami it makes a 
more permanent piece of work than an ordinary union 
and is not likely to leak. 

Never put a T in the feed-pipe inside the feed-valve 
for the purpose of a blow-off; but make a separate 
blow-off connectiou to the boiler. 

Blow-off Cocks. — Never use anything but a plug cock 
of the best steam metal throughout or the asbestos 
cock. The reasons for using a cock are, that the engi- 
neer is always sure when he looks at it whether it is 
shut or open. It gives a straiglit opening. If chips, 
packing, or dirt {rets into the cock it will shear them 
off when closing, or if it does not, the engineer knows 
it is not shut. Do not use an iron-body cock with 
brass plug, for when the cock is opened to blow down 
a little, the hot water expands the plug of the cock 
more than the body, and it is almost impossible to 
close it. Do not use a globe or angle-valve, as you 
cannot always tell when it is shut ; a chip or dirt 
getting between the disk and aeaV VtSl -^xft-^^sS. "">>». 
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^^^BeoDdensatiou in the cylinder is downward, and the floiT 
^^^Bof water lieing tuwai'd the boiler tlirongh the bottom 
^^Vpipe, tlie teiideucy is to cleau the glasB and cylindei 
^^v and keep them so. 

^^V Steam Gaii</e3 should uerer be set much above or 
below the boilers to which they are attached, as each 
27 inches of fall or elevation from the direct connec- 
tion is nearly equal to a difference of one pound on the 
steam-gauge. It is always so when the gauge is below 
the point of attachment, for tho coudensatiou in the 
I. gauge-pipe fills it with water, which leaves a pressure 

Ion the steam-gauge equal to the hydrostatic head, 
which is a little over two feet perpendicularly to the 
pound per steam-gauge, giving the gauge the appear- 
ance of being weak. When the gauge is above it is 
not 80 always, though generally so eyeu then, for the 
pipes being long and of small tliameter, or trapped, 
which prevents a circulation of steam in them, they 
fill with water, which acts against the pressure from 

I the boiler and gives a gauge the appearance of being 
strong. 
When it is necessary to have a gauga very mncli 
lower than a boiler, fill the pipe with water, but before 
doing so remove the glass and lift the hand or indes 
over the stop-pin and mark where it remains station- 
ary. Now fill the pipe to its highest point with water, 
then draw the index hand from its spiudle and Bet it 
back to the mark where it remained stationary before 
the pipe was filled, and press it on ; then bring it to 
its normal position on the stop-pin uid adjust the 
[ elass. 

kThe Main &eam-Pipe/or Heating Apparatua should 
high up on a boUer, u'^A wn^- ^\^a larger than 2 
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inch should not be tapped in, but connected with a 
flange bolted or riveted to the boiler. Two-and-a-half 
inch pipe and larger sizes have eight threads to the 
inch, which forms too coarse a pitch to be tapped 
into one thickness of boiler-iron. 

Automatic water-feeders, combination water-gauges, 
or steam-gauges, should not be tapped into the steam- 
heating or engine pipe, as the draught of the steam 
through the pipe interferes with their proper working. 

Engine or pump pipes should not be taken from the 
steam heating pipe of a gravity apparatus, as the 
draught they cause relieves the pressure in the heat- 
ing apparatus to a considerable extent. 

All pipes connecting with boilers should be extra 
thick until at least the first cock or valve is reached, as 
much of the pipe now on the market is below the old 
Morris Tasker Co. standard, and is too thin, 1 inch to 
2 inch inclusive being the sizes which give the most 
trouble. 




Mk. Thomas Tbedoold, early iu the present cenlnn 
consideretl the question of loss of heating and radiat- 
ing surfaces in a very thorough manner, aiid later he 
was followed bj Mr, Charles Hood on the same sub, 
ject, both having the same object iu view — namely, to 
find the value of radiating surfaces for warming build. 
inga. 

Mr. Tredgold found that 2.19 pounds of water cooled 
from 180° to 150° Fahr. in a vertical tin cylinder in 
46 minutes, the exposed sides of which were 79 square 
inches, when the temperature of the room was main, 
tained at 55J° Fahr. during the trial. This gave a 
mean lUiference between the air of the room and the 
surface of the cylinder of 109.5° Fahr. 

From this we have 2.19 pounds of water cooled 30° 
Fahr. by -^^ of a square foot of surface in 46 minutes of 
time, which is equivalent to 65.7 heat-uuits for the 
time, or 85.7 heat-units for an hour of time, and 156.21 
heat-uuits as the quantity what would be given off by 
one entire square foot of the same surface (tin cylin- 
der) in an hour of time. This total heat, for a s^iu 
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foot of surface, for an hour of time, then, divided by 
tiie mean difference of temperature (109.5 Palir,) be- 
tween the air and tlie surface of tlie cylinder equals 
1.12 Leat-unitB ; the amount given off per square foot 
of anrtace per degree difference of temperature. 

His second experiment was with a glass cylinder 
that held 2.126 pounds of water and had a surface of 
71 square inches. It cooled from 180° to 150° Tahr. 
in 31J minutes in a temperature of 56^° Fahr., which, 
by the same method of reasoning as we used beforei 
gives 2.248 heat-units per hour per square foot of sur- 
face per degree (Fahr.) difference of temperature. 

Hia third experiment was with a sheet-iron cylinder 
the surface being that of new sheetiron uupainted 
whose surface was 76.7 square inches, holding 2.14 
pounds of water and cooled from 180° to 160" Fahr. in 
29 minutes, the temperature of the air of the room 
being 57° Fahr. By the same reasoning and method 
of calculation used in the foregoing examples we can 
find that the eheet-iron gave off 2.35 heat-unita per 
hour per square foot of surface per degree difference 
of temperature, 

These cylinders were as nearly alike as they could 
be obtained iu form and size, and one cover fitted all. 
They were suspended by cotton threads, ao that little 
or no heat could be lost by conduction or contact, and 
the sides and bottoms were exposed to the action of 
the air, etc. The top was covered by about one inch 
in thickness of alternative folds of cotton and flannel, 
so that the loss of heat by this direction was very 
small. 

A few days later, when the experiments were re- 
peated, the iron cylinder had becotue tMa,\«3i. '^Saa. 
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Mr. Tredgoltl says, iucreaaeil its efiBcieney in tte 
portiou of 156 and 180; tlie lasted cylinder having 
having the latter value, when as a new one it had tlie 
former. The experimeDts with the tin are of uo value 
to na, except to show that l)nf,'ht snrfacea have a less 
value than dull or slightly roughened ones. Exppii- 
ments with brass, etc., by other experimenters coufirni 
this. The relative value of glass and iron, however, 
ure of some value to us aa showing how nearly they 
agree ; the iron being the better of the two, even when 
new and bright, and increasing in value as it becomes 
rusty. 

It would be well to remarlc here that, probably, when 
surfaces become rusty, which they will in practical 
heating, they may deteriorate somewhat, and that it 
would be well to assume what tliey may increase in 
efficiency by rusting will be fully offset by accuniuliv 
tions of dust, etc. 

The form of Mr. Tredgold's cylinders (short, vertical 
ones) are presumbly the best that can be devised for 
giving o£f heat. The same cylinders in a horizontal 
position would probably be found to be a little leas 
efficient, and if they were to be increased in height, 
say two or three times, though used in a vertical 
position, it is only reasonable to suppose they would 
do less duty, for the very simple reasou that the air in 
contact with the upper parts would have been warmed 
somewhat by the lower part as it passes upward, 
and, therefore, is not capable of extracting as much 
heat. The same holds good of horizontal pipes or 
cylinders when placed one above the other ; each 
successive one, counting from the bottom ny 
'yea Jess work than the one nex.\:\je\Q-w W 
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According to the above relative values, tlierefore, of 
glass and iron, the empirical rule given before for 
finding beating surfaces by the wiudow area, etc., is 
not without Borae scieutific pretence, as the loss of 
heat through the glass of a window can rarely, if at 
all, be greater than through the iron of the heaters 
for equal difference in temperature, or for proportional 
differeucea.* 

To go further with this subject, I will refer to ei- 
periments of Mr. Hood made more recently than Mr, 
Tredgold's, as he was not satisfied with the latter's 
deductions, and made experiments for bimaelf. In 
his work on " Warming and Ventilation " he tells us 
that "to asertain the velocity of cooling for a surface 
of cast-iron, a pipe 30 inches long and SJ inches 
Internal diameter, and three inches diameter exter- 
nally, was used. The ends of the pipe were closed by 
corks, which entered the pipe 1^ inches at each end, 
and the bulb of the thermometer was inserted into 
tbe water about three inches from the end. The 
exposed surface of the pipe (including the surface ex- 
posed by the thickness of the metal at the ends) was 
287.177 square inches. The quantity of water con- 
tained in it was 132.534 cubic inches, and the equiva- 
lent to be added for the specific heat of tbe pipe was 
39.341 cubic inches, making the estimated quantity of 
water 171.875 cubic inches." The temperature of the 
room in which the observations were conducted was 
67° Fahr. 

• I do nol draw the ssme dcduclions from Mr, Tredguid's csperimenls 
that he docs himself, and Iherefore did not give his figuros here, but sub- 
Btituled my own in the manner just shown ; the sumniHiy of the mailer 
being that the heat lost through glass woald be 2.24S heat-anils, when 
that lost through iron would be z.35 beat-tmits. 






8TBAM IIEATINO FOR BUILDINGS. 






Tliis pipe was presumably used ou its sides in {I 
horizQutal poeitiou (tliougli this is not stated), and 
represented no doubt a section of an ordinary 3-inei 
cast-iron heatiug-pipe, nsed at that time for green 
bouse heating, etc. 

He informs us tlie rates of cooling were tried in dif- 
ireut states of the surface. First, 'when it. the usual 
itata of cast-iron pipes covered with protoxide of iron 
(fine rust); second, black varnisheil; and third, with 
the varnish removed and two coats of white-lead paint 
substitute J. He observed that the rusty sarfaee 
cooled from 152° to 150" Pahr,, or 2 degrees, in 2.5 
minutes, and that it cooled from 150° to 140° Fahr., 
or 12 degrees, in fifteen minutes. This is at the rate 
of the whole quantity of water, or its equivalent, cool- 
ing one degree in 1.25 minutes. 

He took observations every two degrees fall of the 
thermometer, which give slightly varying results as to 
the rate of cooling. This variation may be due to 
errors in reading the scales, or in errors in the ther- 
mometers, and a close study of the table of his exper- 
iments go to confirm the belief that for all practical 
purposes of house-warming the rate of cooling is very 
nearly directly as the temperature between pipe or 
or plate surface and the surrounding air. "W'ith the 
black surface of the pipe black-varnished, he found 
that to cool from 152° to 140° Fahr. (12 degrees) it 
took 14.533 minutes ; or, iu other words, cooled an 
average of oue degree iu 1.21 minutes, his readings 
showing a slight increase of cooling as the difference 
between surface and air became less. If we take the 
average of six esperinieiits (1.23 minutes), progi'essicg 
>y two degrees, and correct the time observed on 



^^^' two 
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cnoliiig tlie first two degrees bjit, we Iijive 2.42 min- 
utes, iusteail of 2.266 minutes. This abowa that the 
black-varnished snrfiiee is alij^htly more efficient than 
theruaty one — a little over three per cent.* 

With the pipe with two coats of white-Iead paint, 
the efficiency was less thau with either of the others, 
but not as great as usually con side red. 

The cylinder cooled from 152° to 150° Tflhr. (2 de- 
grees) iu (observed time) 2.316 minutes, and it cooled 
to 140° Falir., or 12 degrees, iu 15.366 minutes; or, iu 
other words it cooled one degree in 1.28 minutes 
average, 

Mr. Hood's summary of the matter is that 100 feet 
of varnished pipe, 103^ feet of plaiu pipe and 105f 
feet of white-painted pipe have the same value 
as heating surfaces. He does not, however, give 
us the value of these surfaces in heat-units per 
square foot per degree difference, no more than Mr. 
Tredgold does, and as it is impoitaut, we shall have 
to calculate it for ourselves by the same method of 
reasoning, etc., as we did in the case of the latter's 
experiments. 

The surface of the experimental piece of pipe is 
given as 287.177 square inches, which is two square 
feet, lacking less than one square inch, and there- 
fore we will call it two square feet. The quantity of 
water actually ciiutained iu it was 132.534 cubic inches, 
and the equivalent iu cubic inches of water that was to 
be added for the specific heat of the iron of the pipe, 
39.341 cubic inches, making the &«timated value of 

• In comparing these slalements with Mr. Hood's [able, note thut Iha 
time here is given in miiiutei ami decimals of a minute, while ia tb» lehlt 
jt is given in minutes and seconds. 
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lie water and itseuvelope equal to 171.875 inches oi 1 

|vater. 

The water was cooled from 152° to 140° Fahr, in each ' 

I experiment, and therefore bad a mean temperature ol 1 

1 146° Fftlir. Tbe weifjlit of a cubic ineb of water at I 

I temperature is 248 graius; therefore we bave i 

171.875 cub. in. X 248 grs. „ ^„- ,, , , 

T,000gr..(llb.j = ^■''^^ ^^^- °f '''■^'- 

Tbis vater was cooled 12 degrees in the variouB 

\ tiroes, which gives na 6.089 X 19 = 73.068 heat-unita aa 

* the total heat giveu off in each from two square feet 

of beatiug eurface, or 37.534 beat-units per square 

foot. 

The air of tbe room was 67° Fabr., conBequentl; the 

differeuce of temperature, or, in other words, tlie excess 

of the temperature of the surface over the air, was 89 

degrees. 

The time for cooling the rusty cylinder was 15_miu- 

Qtes, or one quarter of an hour ; therefore we have 

36.534X4 ,.,„,,., 
-g3^p^j^= 1.642 heatunits 

per square foot jier hour per degree difference. For 
tbe varnished Surface it is 1.589 heat-units, and for the 
wbite-paiuted surface 1.552 Iieat-units, 

To ascertain tbe effect of glass windows to cool tbe 
air of a room, Mr. Hood made experiments with a 
glass vessel as nearly as possible of tbe same thick- 
ness as ordinary window-glass. The temperature of 
the room was 65° Fahr., and the surface of the vessel 
was 34.296 square inches, aud it contained 9.794 cubic 
inches of water, including tbe equivalent for the spe- 
cilic heat of glass. He does not tell us the form of the 
Vessel, which would be vexy ii^i'goTH.aiA ■«! tata.'w, \s>iii 
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presumbly, it was rectangular, or at least Lad jierpeQ- 
ilicular aides, and beiug small, represented an average 
effect in cooling, so that tlie deductions obtained are, 
presumbly, fully equal to average conditions. 

The average rate of cooling from 150° to 110" Fahr. 
wa,3 found to be 1.176 degrees when the mean excess 
of temperature of surface was 65" Falir. above the tem- 
perature of the air, and the time 34 minutes. 

The total quantity of water, or its equivalent, ia 
found to weigh ,3482 pounds at a temperature of 130° 
(its mean temperature). Thi.s cooled 40" FaLr. = 13.93 
heat-units for 34.296 square inches, or 58.48 heat-units 
for a square foot for 34 miuutes, or 103.2 heat-units 
for an hour, divided by the mean difference in tem- 
perature = „-3 — 1.59 heat-units per square foot per 

hour per degi-ee difference of temperature. 

Mr. Hood's deductions from his experiment is to 
the effect that each square foot of window-glass will 
cool in a minute of the time 1.279 cubic feet of air 
as many degrees as the inside air Js warmer than the 
external in a comparatively still atmosphere, but that 
whem windows are exposed to the action of winds 
further experiments are necessary. 

It is evident the cooling of air through glass, etc., 
depends ou both the velocity of the air inside and 
outside taken together. 

Nearly all the heat that is lost by air of rooms to 
cooler air through glass is lost by convection. The 
air inside the glass falls by loss of heat and increase 
of weight and follows the laws of a falling body. The 
velocity of air outside is due to wind-pressure aud the 
angle at which it strikes the glass. Quadra^liii^ fsifi. 






STEAM ITEATmO FOR BUILDINGS. 



I 



'elocity of tLe outer air, Lowerer, doen not quadrupli 
e Ios8 »f heat througli the glass, for the reasou that 
the air inside will not fall in the same ratio, lint in a 
ratio about as the square root of the increase of outside 
velocity, so that the loss of heat througli glass cannot 
Ife accurately established for a given difference of 
temperature and a certain velocity of the wind out- 
side. An approximation, however, can be made to the 
losa of heat for other velocities and temperatures. 
Unfortunately, we have no very accurate data on the 
cooling effect of windows for the guidance of beating 
engineers, though on the warming effect of radiator 
surfaces there is not sncli a scarcity of information. 
Mr. George H. Barrus, of Boston, in experiments 
with a Walworth vertical wrougbt-iron pipe radiator 
for steam, found that iiuder average conditions of use, 
with eight pounds of steam, in an atmosphere of about 
51° Fall., that the units of heat given off per actaal 
square foot of surface was 394.4. If we assume the 
Burface of the iron to be 235° Pabr, (the tern per abnra 
of the steam) we have 235°— 51°= 184° differeni 
Then 

394.4 



1 



^oXp = 2.143 heat-units. 



experi- [ 



This is soraewbat less than Mr. Tredgold'a experi- 
ments give for a short vertical cylinder, but it is what 
would be es-pected, as the pipes used were 30 inches 
long, and iu a cluster, 2^ inches between centres, 
screwed into a base. 

He also experimented with a Nason radiator of or- 
dinary height, two pipes wide by 24 pipes long. 

The total uumber of lieat-units per square foot of 

•face given off was 347,6, tke ^tessure of the steam 
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was eight pounds, and the tempei^ature of the air of 

the room 64° Fahr, Asauming the temperature of 

the pipe to surface is 230° Fahr., aud the diffeteace 

then between air and heatiug surface ie 170° Fahr. 

... . 347.6 heat-units .,„,., , ., 
Tvmch gives us _„„ — ■ = ^.040 heat-unite per 

hour per square foot per degree difference. 

Mr. Barrus' method of measuring the heat was to 
receive the water of condensation carefully and to 
asertain its weight, then compute the heat according 
to the latent heat of steam. The nearuess of the 
results thus obtained by ve^tic.^l radiators of difffiPiit 
mates, and at different times in different buildings, 
by the same methods, atlds value to the data aud 
establishes the fact, when taken with other investi- 
gations, that a tube of vertical radiator will give off 
heat equal to about tivo heat-units per square foot per 
hour per degree diference. 

An experiment made by the writer in 1884 on a 2 X 7 
Bundy steam-radiator, for his own information, and 
before the Eundy patterns were altered, to have an 
actual surface equal to their commercial rating, gave 
the following results : 

Actnal surface, 38 square feet ; water condensed for 
one hour was 13.843 pounds, when the pressurt 
steam was maintained between 1 and IJ- pounds ; t«m- 
perature of air of room at floor commencement 
experiment 52° ; at 5 feet high on side wall 58^ ; tem- 
perature of air of room at floor at end of esperimen 
57J° ; and at 5 feet 64°. The temperature of the air 
as it was found at the floor was, presumably, the 
temperature at which it fii'st came in contact with the 
beater, bat, as in other cases, the tem^ec&tMX^ <^1 '0&«; 
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■ther, we 1 



room only was iioted without informing us further, we 
will in this case take the mean nf the temperature 
given, which is 57.9° Pahr., and, presumably, near 
enough for our purpose, which is not to compare 
rival heaters, l)ut to establish the condensation or 
cooling for ordinary conditions of use. 

Taking the temperature of the steam (one pound), 
therefore, at 215° Pahr., and the latent heat of its 
vaporization at 962 heat-nuits per pound, we will have 
— difference of temperature between steam (or pipe) 
157.1° Pahr., and total heat of 12.8i3 pounds of steam, 
12.355 heat-units, or 325.1 heat-units per actual square 
foot of surface, equaling 2.07 heat-nnits per equare 
foot of surface per hour per degree of difference 
between steam and air. 

It is possible that should these radiators be trans- 
posed as to the buildings they are tested in, the re- 
sults would slightly differ, as the effect of the passage 
of heat by radiation alone from or to the radiator can- 
not be estimated, as it will depend on the surrounil- 
ing walla, etc. For instance, one experiment being 
made in a cellar and another on the upper floor of a 
building, it is reasonable to assume the localities will 
effect results, and the question of humidity may also 
come in as a factor for or against a radiator. 
Draughts of air, also, will materially alter results, 
and the effect of an open hatchway, machinery in 
motion, or down draughts from windows, etc., will all 
tend to throw some uncertainty into the matter, so 
that unless positions, etc, are transposed and the 
water of condensation measured in the same manner 

id with similar apparatus, it would be diflicult to 
positively which of the above radiators 
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gives the highest result per actual square foot of snr- 
face. Such remarkable iiniformity, however, by dif. 
fereiit makers appears to establish beyond a doubt 
that 2° "FaLr. per square foot of surface per degree 
difference of temperature between the surface aud air 
may be taken as the basis of loss of lieat from vertical 
radiators, whetLer they are for Lot water or steam. 

This, of course, is the maximum, aud it is for radi- 
ators of plain, smooth surface, say not over three feet 
in height, that are not covered up with screens or 
slabs, but used iu the most practical manner and not 
too close to the walls. It should be borne in mind, 
also, that these radiators were only two pipes wide, 
and represented slightly more than the average, and 
that radiators of three or four pipes iu width should 
uot be expected to give quite as good results as radi- 
ators of one or two rows, other things being the 
same. 

It is very possible, taking all the styles and kinds 
nf radiators and coils known to the wiiter, that the 
miuiiuum condensation or cooling may be placed at 
1.25 heat-units aud the maximum at 2 lieat^units. 
Between these points it must be left to the judgment 
and experience of the fitter to select when the charac- 
ter of the radiator or coil is known. 

There are certain extended surface direct radiators 
that will uot give more than 1.25 heat-units; while 
long coils on the walLs of, say, one-inch pipe, and not 
too high— say sis pipes high — -will probably run up 
to 2.25 heat-units, 

Pi'ofessors Deutou and JacobuSj of the Stevens In- 
stitute of Technology, found that an extended surface 
vrtioal sectional radiator gave O.WVT ■^o'Mvi.^ia cV isssa.- 
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deusation per degree difference of temperature per 
hour per square foot of average surface, with steam 
at 3,9 pounds pressure; which is approximately 1.63 
lieat^unita.while the same radiator gave 0,00204 poundg 
of condeusatiou per actual remaining square foot of 
surface, the extended surface having been plaued off, 
which if* approximately 1.95 heat-units. This confirms 
my opinions given many years ago in the earlier 
editions of this book. It does not mean, however, that 
the radiator, aa a whole, did more work. It simply 
means that a unit of tlie remaining surface was about 
20 per cent, more efiScient, and that generally an 
equal amount of iron in a plain direct radiator is very 
much more efficient than in an extended surface 
radiator, 

I wish, flUo, to add that I am not convinced of the 
general inferiority of extended surface radiators for 
indirect work. The value unit for unit of surface, as 
between extended and plain surface indirect radiators, 
I will admit, is in favor of the plain surface ; but when 
it conies to a matter of dollars and cents, or pounds 
weight of iron used, I believe the extended surface 
iiiditect radiator to be the most economical. This 
comes from the inability to arrange round iron pipes 
or flat surfaces so that the air passages will be properly 
proportioned to the least amount of surface nsed, to 
get the required results. In other words, tlie cast- 
iron extended surface can be arranged so thiit the air 
can be brought in more intimate contact with it. 

Returning again to condensation in direct radiators, 
the writer here introduces the results of some of his 
own experiments made with cast-iron sectional radi- 
&toTa. The results do not aXio-w aisV\i^a.Ta.Hfeti^t«a- 



I^P 2>ATA OF CONDENSATlOJir IN BADIATORB. 

densatiou as those given previously; but this may I 
chiefly attributed to the fact that the experimeuta wen 
made in cotton-covered boxes or frames, with ouly a 
inches of space between the sides of the radiators ana 
the cotton-covered frames. Top and bottom they iverel 
open, bat in these confiued spaces they coukl not do 
the work they woukl in a large room under couditioua 
similar to their constant use. For comparison, liow- 
ever, they were probably all that could be required. 
I may add here that under conditions said to be about 
equal to those of actual use, Professors Denton 
and Jacobus have reported condensation equal to 
2.4 heat-units for one type of direct radiator, but 
which forma entirely too high an average for ordinary 
use. 

The following I take from a paper I contributed to 
tbe American Society of CivU Engineers, read at the 
June convention of 1891 ; and I introduce it here more 
to confirm the fact that the line of difference of tem- 
perature between the radiator surface and that of the 
temperature of the air of the room agrees very nearly 
with the condensation line in a good radiator — ao near, 
in fact, as to be practically the same. 

The writer had occasion recently, in connection with 
his professional work, to make some comparisous as 
to the relative efBcieueies of several of the regular 
makes of sectional cast-iron radiators now on the 
market, and ones that are considered good types of 
direct cast-iron radiators. The results of the esperi- 
meuts hereafter giveu were obtained from four of 
these radiators that were selected as a standard of 
comparison for a new radiator about to be put on the 
market. The results of these 6XTgCT\mec.Va asa ^^fe-i 
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to tliis Society, as they form valuable data by which 
an enfnueer can apiiruxiiiiiite tbe amouat of condensa- 
tiou liiiely to take place in tha lieatiug apparatus of n 
boUiluig, au(I also show how uear the Hue of coutUuso- 
tion agrees in steam pipes with a liue of the difTerence 
of temperature between air and Bteam. 

The writer is compelled to omit the name and make 
of these four types, but as the results run so nearly 
together he presumes it is uot necessary to go further 
than to say that tbey are the ordinary well-known 
types nf cast-iron sectional radiators that are so mucli 
used at tbe present day. All radiators were of 48 sq. 
ft. of surface, according to their cummercial rating, 
excepting that designated as No. 3, which contains 
52 sq, ft., and which, when reduced to the value of 
48 sq. ft., gives the dotted liue showu aud designated 
as X—X, (Diagram Fig. 122). 

The method of oomparisoit used was that known aa 
the condensation test, the only cue which is of any 
value in determining the comparative value of radia 
tors, and consisted of taking steam from a boiler at 90 
lbs. pressure and conveying it in a 1-in. pipe to a water 
separator. This water separator was " trapped " in 
the usual manner with a Nason trap. From the top of 
the separator a 1-in. pipe led to a reducing pressure 
regulating valve, and from the pressure regulating valve 
it led into a header of 2 ins. inside diameter. The con- 
nection for each radiator was made of |-in. pipe, taken 
from tbe upper side of this header through a short 
nipple, and thence by another short nipple into the 
radiator, an angle valve being used at the comer. It 
^j s probable that the condensation taking place in the 
'fro short uipplea and in tVie 'ja.\\6 ■«»& owmaifei'nra.cd 
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into the radiator ; but, the quantity being so small, it 
has not been considered, as it was the same in each 
case. 

The radiators were placed on platforms 2 ft. above 
the floor and 36 ius. from center to center. Over each 
radiator was placed a frame covered with muslin. The 
musliu in all coses was 6 ins. from the sides and ends 
of the radiators, and the frames were opened top and 
bottom. The frames had the same perpendicular 
height aB the radiator, and were raised snfficieutly 
(about 6 ins.) to permit au uninterrupted iiow of air tn 
the radiator underneath the lower edge of the frame. 
This method enclosed each radiator in a cotton box, as 
it were, and interposed two thicknesses of muslin be- 
tween opposing sides of radiators, so as to cut ofif al- 
most entirely the effects of radiation from one radiator 
to another. The tables on which the radiators were 
set had an inclination of about 1 in. to the drip end, ao 
that the condensation could easily gravitate to the ap- 
paratus for collecting the water. 

The apparatus for collecting and measuring the 
water consisted of a §-in. " tail pipe," on the side of 
which was a short ordinary water-gauge glass. Both 
above and below the water glass in the tail pipe was a 
stop valve, the upper valve being for the purpose of 
shutting off the connection should the gauge glass 
break ; but during the experiments it was always open. 
The lower valve was simply a tail valve, to control the 
escape of water. The tail valve was supplied with 1 ft. 
of very light robber hose (§ in.) which terminated in a 
paper pail. The water was drawn into the paper pail 
through the tail valve, but was always kept in sight in 
-tiie glass and made to agree with a thread around the 
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middle of the glass, both at the cotnmeDceioeiit and tha 

end of all trials. 

On the header before mentioned was arranged a 
steam-pressitre gauge, and in an oil well in the upper 
tilde of the same header was fixed a standard ther- 
mometer for the purpose of checking errors in the 
steam -pressure gauge by comparisons with the tem 
perature of the steam. It will be uoted that the trials 
were geuerallj made at 1, 5, 10, 18 and 30 lbs. press- 
ures, but that Bome of the circles indicating trials are 
on other Hues, notably in the neighborhood of 5 and 
10 lbs. Where the greater number of trials are shown 
these differences of pressure are the results of correc- 
tions made by the thermometer, the pressure gauge 
being somewhat inaccurate aud the pressures likely to 
fluctuate J lb., or thereabouts, as a pressure -regulating 
valve is ouly an approximate iustrumeut for work of 
this kiud. At the lower pressures (1 to 5 lbs.) there is 
very little loss due to the evaporation of the hot water 
as it falls into the pails, especially as the end of the 
hose is kept under water as much as possible. At the 
higher trials a small percentage of the hot water, 
when relieved of its pressure, is converted into steam. 
* This is obviated iu a great measure, however, by 
keeping the end of the hose always under water, 
which can be done as soon as condensation forms in 
the bottom of the pail aud covers the mouth of the 
hose. 

It is well to remark here that the header before 
spoken of, aud in which steam at reduced pressures 
was admitted to the radiators, was also drained and 
kept dry by au automatic steam trap. The positions 
of the radiators were also changed from time to timt 
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it was feared that a radiator in one position migU 
be favored. 

At the left of the diagram is shown the steam pres- 
sure in pounds per square inch, at which various trials 
were made. 

The next line, A — A, givea the value in British heal^ 
units of each pound weight of steam for the various 
pressures, and is measured from the left-hand side 
of the diagram, each of the larger squares having 
a value of 100 heat-units, the thermal value of a 
pound weight of steam being less from the higher 
pressures. 

The curved line B — B shows the results obtained in 
the radiator designated as No. 1, and they were made 
under conditions of very nearly equal temperature, in 
73° and 74° Fahr. 

Line C — C shows results obtained for radiator 
marked No. 6 in the trials, which were made at the 
same pressures and the same temperatures as the fore- 
going. 

Line D — D gives the curve of condensation in the 
radiator marked No, 3, temperatures and pressui'es of 
steam being the same as before. 

Line E — E shows the results of experiments on 
radiator No. 4, which at the lower temperatures seem-s 
not to do so well. Between the 10-lb. and 18-lb. lines, 
however, the curve agrees with the remaining curves 
of condensation. 

Line .f^—^ shows the other experiments made with 
radiator No. 3, when the temperature of the room 
averaged 77° and 78°. This high temperature of the 

torn imdoubtedly accounts lot ^\i«> Uuq showing less 
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coodeiiBation od that day. The circles 6, 1 and 3 on 

the 5-lb. line are also results of the tests made when 
the temperature nf the room was about 78°. Other cir- 
cles, enclosiBg figures iu close proximity to lines, with 
corresponding figures, show values obtained with the 
same radiator during other trials and tinder slightly 
different couditionB of the temperature and humidity. 
They all harmonize, however, with the curves of 
their respective radiators and tend to confirm the 
results. 

Line G — G is the curve of diilerence of temperature 
between the steam and the air, and is drawn for com- 
parison with the curves of coudeusation as discovered 
by the trials. The uniformity that exists is remark- 
able. There is a correction, however, to be made for 
the higher temperatures in the matter of the curvea of 
condensation. As the temperature of the steam ad- 
vances, the value of 1 lb. of condensation becomes less, 
as shown in the line A — ,4, so that curves of efficiency 
of condensation, based on the actual amount of heat 
lost from the radiator, and not from the uumber of 
pounds of water condensed, would all teud a little to 
the left as they go upward, bending away from the 
curve of difl'erence of temperature. It is well known 
that the condensation does not increase directly as the 
difference of temperature. These experimeata, how- 
ever, show that it (the difference) is not as great as was 
surmised, and that for all practical purposes the curve 
of condensation and the curve of difference of tempera- 
ture is practically alike for any ranges of temperature 
and pressures carried in low-pressure steam-heating 
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time to have an assistant tabnlate tbe results of the 
experiments given above, which are as follows : 
TABLE. 
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PIPE COVEBING— WHAT 18 SAVED THEREBY. AND 
OTHER DATA. 

In a work of this tind I cannot go into the relative 
merits of pipe covering. There are so many things to 
be considered and go mauj interests involved that it 
would prove of lo special benefit to tlie steamfitter, 
and wonld raise endless discussion, with which no one 
woald be satisfied. The subject may be treated of 
generally, however, with a great deal of benefit to all 
those concerned, and I will therefore give some gen- 
eral deductions, obtained in 1892 by the author while 
making experiments for the H, W. Johns Mfg, Co. of 
New York. I was assisted by the well-known steam 
eugineer, Mr. George H. Barrus, of Boston, whose name 
is a sufficient guarantee of accuracy and integrity in 
trials of this kind. 

The company mentioned were desirous of compar- 
iug not only their own special products relatively, but 
also of compariug thein with other well-known cover- 
ings then on the market. 

It la needless to go into the method used, other 
than to say that tliey were condeiiaBi.ViQ'Q. Vea\a^ »si$i. 
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tliat the utmost precaution was taken to prevent in 
accuracy. Many experiments and lepetitiona of the 
experiments were made, until the methods used devel- 
oped a uniformity of results wbicli were in tliemselvea 
a check on all possible mistakes of manipulation or 
observation tliat were likely to creep in. 

Experiments were always made on a two-inch pipe 
about 16 feet long, and having exactly 10 square feet 
of surface to a pipe. These pipes were called " ele- 
ments" of 10 square feet each, and twelve of them 
were arranged in twelve separate chambers, open top 
and bottom, all within a very large loft of a factory 
wliere the temperature was nearly constant, and so 
arranged that one could not influence the other. 
Transposition was also resorted to to check Inequali- 
ties due to neigliboriug influences. 

The pressures at which the trials were made were 
50, 100, 150 and 200 pounds, and presumably the 
trials represented the most elaborate esperiments 
ever completed in this direction, and it will be a grati- 
fication to the writer could he make the results public, 
but as tliey are the property of the company who paid 
for them, this cannot be done. Certain deductions, 
however, can be made public, and these I give, with 
the consent of the parties most interested. 

The diagram. Fig. 123, is taken from the report. The 
horizontal lines show pressures of steam in pounds 
above atmosphere. The vertical lines show pounds 
weight of steam condensed per eiemeut of 10 square 
feet of pipe surface per hour. The line AB is the line 
of condensation within one of the elements without 
oovering. It shows the condensation in an uncovered 
■iaoh pipe. The linea maiVedi Y \«Yi, Wclaaive 
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show the amoiint of condeiiBafion for each element for 
twelve Belected commercial pipe coverings. The line 
OD is an arbitrary line, conforming to the diSerences 
of temperature between that of the air aud that of the 
steam within the pipe, aud shows a remarkable uni- 
formity with lines of condensation. The vertical lines 
at the right show the comparative weights of the differ- 
ent coverings persquai'e foot of pipe surface covered. 
, An important dednction to be drawn is that the 
hreight of the covering bears a close analogy to the 
efficiency of the covering; generally the lighter the 
covering, the better it is. It will be noticed that cov- 
ering No. 3 gave the least condensation, and conse- 
qaeutly the liighest efficiency ; and it will be seen by 
the vertical lines that its weight was tlie least. It will 
ftlsf, be noticsd that covering No. 12, the poorest cov- 
ering and the one that gave the highest condensation, 
weighs the most, and is about double the weight of 
No. 3, while the condensation is also approximately 
nearly twice as great. 

Another and startling deduction to be drawn from 
the chart is that the very poorest covering (No. 12) is 
so immensely better than no covering, that where it 
is necessary to save steam or prevent heating or warm- 
iijg a room or space, the covering of steam pipes is 
certainly one of the best of investments. I may add, 
" cover them with anything " rather than leave them 
uncovered. 

The distance from the curved line AB to the base 
line shows the condensation in an uncovered pipe. 
The distance from the other curves to the base line 
the condensation according to the covering used. 

will be noticed that even vsit^i \,W ■goQte.'i.^, <»)i«nsu(j. 
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that from f to | of the total condensation due to an 
uncoTered pipe can be prevented, wliile with the beat 
of coverings between -g and ^ of the total cnudenaation 
will be prevented. This is the result that went beyond 
the author's expectation, and will, no doubt, astonish 
many others, now that it is pointed out; as, in my 
judgment, few had a full appreciation of the matter. 

In regard to the relative efEciency of the different 
coverings, it will be noticed that the greatest con- 
densation for 10 square feet of surface is 3 pounds 
7 canoes of water in an hour's time (No. 12), when the 
pressure of steam was 200 pounds to the square inch, 
while at 50 pounds pressure of steam it was 2 pounds 
7i ounces. This was with the poorest covering, while 
at the same time the condensation in the uncovered 
pipe was over 13J pounds at 200 pounds pressure, and 
nearly 7^ pounds at 50 pounds pressure. It will 
further be noticed that the best covering reduced the 
condensation for a pressure of 200 pounds to 2 pounds 
ISJ ounces, while at 50 pounds it was but 1 pound 
7 ounces, showing that between a poor aud a good cov- 
ering there was a very material difference. In other 
words, the best covering was nearly twice as efficient 
as the poorest. 

The various intermediate results for other conditions 
can be approximated from the diagram. It was ex- 
plained that the line AE was the line of condensation 
in an uncovered pipe. The length of the vertical lines 
intersecting the curved line gives the condensation for 
the different pressures. lu like mannei the vertical 
distance from the base line to the ordinates of curves 
gives the condensation for 10 square feet of pipe sur- 
face, covered with the different ma.t&n£k^aV^^n~S^ 
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The accompanying table shows the weight of steam 
GondeuBed per hour for each square foot of surface. 
Cnlumu No. 1 shows the number of the pipe or ele- 
ment, and refers to the covering used. Columns Nos. 
2, 3, 4 and 5 show the condensation per square foot «l 
pipe covered for the various pressures of 50, 100, 150 
and 200 pounds of steam above temperature. Element 
No. 5 indicates the condensation in the uncovered 



^ 



pipe. 



TABLE NO. 8. 

FIFE. 



No. of Pipe. 


SO Lbs. 


100 LlM. 


iBOLlw. 


aWLba. 


11 




1549 

2091 
135 
1878 
7883 
U08 
1509 
1745 
1703 
1605 
1639 
3332 


I 


1854 

2591 
1603 

oia 

1681 
190S 
306H 
3059 
1863 
1911 
2885 


.2185 

.3945 
.1973 
.3574 

!i94' 

.2104 
.2334 
.2350 
.3138 
.2209 
.3335 




3283 

3178 
197 
3778 

3007 

2334 

3497 

2538 

3284- 

3331 1 

3087 1 


AvvTage of all but 
nI.5 


.1718 


.3065 


.2864 


.S515 



I uooovered plp«. . 

There Are other conditions to be coQsidered in 
selecting coverings than efficiency. A covering must 
be permanent, and not easily charred or deteriorated 
by high-pressure steam ; and I mention it here to pre- 

int a person from selecting a covering by its weight 
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Aechitects often omit to leave a recess where re- 
quired ill the walla of a building, aud the titter has to 
cut oue. In his auxiety to put up as much pipe as 
possible, aud as he cousiders the cutting of the wall 
does not properly belong to Uim, Ue cuts it in the 
quickest and easiest mauuer he can, regardless of the 
appearance, and iu some loosely put up walls it is a 
difficult task to make an attractive or even satisfactory 
piece of work. The proper way would be to have the 
openings left ami cutting avoided ; but if it must be 
done, it should be well done. 

Let the fitter provide himself with sharp chisels aud 
a light hammer, and he can generally cut a brick with- 
out disturbing it in the wall ; but it is also necessary 
for the master mechanic to consider wall-cutting labor, 
and to give the workman to understand lie will be 
credited with cutting walls as well as for putting up 
pipe. 

The fitter should get the architect's permission be- 
fore he commences to cut, for otherwise there may be 
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much i/ijury doue to a building by having a recess cut 
from top tfi bottom near a, frout wall or corner, or 
where considerable weight comes ou the wall. 

The beat way to cover a riser recess is with a board 

led with iiu on its inner sitie. Have the grounds 
pat on before the plastering is done, and have the 
panel scrfiwed on afterward. The panel may also be 
fancy iron-work, with holes in itj which makes a very 
permanent method. A moveable panel admits of access 
to the pipes to make repairs without breaking the 
walls. 

Some architects require the recess to he plastered 
over, using slate or coarse wire-cloth to hold the plas- 
ter, so as to entirely hide the appearance of a pipe, 
but even then they do not entirely succeed, for two or 
three reasons. "When a slate is stuck over the recess 
with plaster-of-paria, and plastered over all, the ex- 
pansion of the slate often cracks the plaster. When 
plastered on wire-cloth, it does very well, and will not 
crack, but it will turn a dark color in time, as will any 
thin covering when it becomes warm, because the con- 
tiuuous current of air passing up the wall at that par- 
ticular spot deposits more duet there than at any other 
point, and leaves a well-defined mark. 

For the same reason, the walls back of radiators get 
- dark more rapidly than the walls of any other part of 
the room. The same is true of curtains which hang 
near a register. In parts of the country where soft 
ooal is generally used this is very apparent. 

TDRMNQ EXHACBT BTEAM OR YAPOB INTO CHIMSBra. 
There is a castom among steam-fitters and others 
f turaiog the exhaust Ivoiw n\\ eugjLue into the boiler 



MmOELLANEOUS NOTES. 347 

chimney in buildings, ostensibly to " make the draft 
better," but in reality to save runuiug an exhaust pipe 
to tlie roof of the building. Exhaust steam, turned 
into a long or high brick chimney, will not improve 
the draft, but impair it. 

In locomotives the exhatist steam is turned into the 
stack to increase the draft, and iu short iron stacks of 
portable engines it has the same effect, when properly 
put in ; but it must be borne in mind, that to be effect- 
ive, it must have such proportions as to make it an in- 
jector, to increase the velocity of the air by contact 
with its own high velocity, before it has time to expand 
and fill the stack. 

In long iron stacks, a little steam turned into them 
may, perhaps, be of some use in warming the stack 
(which cools rapidly from contact with the wind aud 
air in cold weather), aud by assisting the upward cur- 
rent of smoke or air by mixing with it. Under certain 
conditions, it makes a mixture of steam and air lighter 
than the air alone. If the increased velocity caused 
thereby more than compensates for the extra volume 
which has to pass, it may possibly be an improvement. 

But usually the exhaust steam impairs a long chim- 
ney (especially au iron one), leading the condensation 
to run dowu the inside of the chimney in streams, and 
to be again partly re-evaporated by absorbing heat 
from the gases of combustion. In brick chimneys this 
is very appareut, condensing and soaking into the 
brick-work, and absorbing as much heat from the 
gases of combustion to re-evaporate and drive off a 
cubic foot of it as would cool 30,000 cubic feet of air 
100 degrees Fahrenheit. It also destroys the chimney. 



;(4K BTBAM HEATING FOR BUILUnfGB. 

SOLDEBDIQ OF PIPES ASD BRA88 FITTING8. 



^ 



^^KWlt^ 



Often it is Decessary to solder or " sweat " pipes into 
fittings, or male ami female tbreads of brass work. 
The liitter is no troiiLle, and can be done bj tinning 
tiie parts to be put tot;ether, using only resin for a 
flnx, if done while uew, and then screwing them to- 
gether while hot. When iron pipe has to be sweated 
into iron tittiugs, malleable iron fittings should be 
ased, because they can be tinned by using muriatic 
acid reduced with zinc ; cast-iron does not solder well. 

When about to sweat a pipe and fitting together, 
wipe the threads carefully, and run a carefully-wiped 
die over the male thread, to entirely clean it, using a 
oleau tap to remove any oxide or grease from the 
female thread in the fitting ; then tin cleanly, using 
muriatic acid for a flnic, and screw the parts together 
while both are hot. 

The assertion is sometimes made that solder will 
melt under high-pressure steam temperatures. This 
I found to be so when the pressure of the steam went 
beyond 180 pounds per square inch. The solder used 
in "sweating" brass pipes together was what is known 
us "half and half" — that is, about one-half tin and 
one-half solder, no bismuth being used that I could 
discover. When the steam pressure was between 180 
and 190 pounds, or at a temperature of about 860° 
Fahr., the solder oozed out of the threads like drops 
of quicksilver, aud I found it necessary to make the 
threads tight by screwing alone. Of course this tem- 
perature of 380" or 382° Fahr. is considerably below 
the melting point even of tin (about 444° Fahr.), bat it 
probably sufficient to soften the alloy so that it 
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flowed under the pressure of 180 poundB per square 
inch. 

There ia uo aclvaotage in soldering a frost bnrst in 
an iron pipe, through which steam or very hot water 
passes, for it will not last. 

In iron water-pipe, rather than remove the pipe, it 
may be soldered, but it must he thoroughly cleaned 
and tinned, and a heavy wipe joint made on it; bolt- 
ing is of no avail. 

When cracks appear in brass or copper pipes with- 
out any apparent cause, there is veiy little use in 
soldering, lor they are usually caused by undue ex- 
pansion in adjacent parts of the metal, ami are a fault 
of manufacture which soft solder will remedy for a 
very short time only. 

PAltmNQ tiPES. 

Distributing pipes may be painted with anything that 
will arrest oxidation. Haw linseed oil, with ochre of the 
required color, aud turpentine, form a good prepara- 
tion for radiators, when they are to be bronzed, as it 
gathers and " fixes " any machine oil or dirt there may 
be on the pipes, aud will make a good back for the 
bronze. When radiators are painted steam should be 
turned on immediately, aud they should be dried by 
heat. If they are painted with heavy oil paints that 
dry on the surface and are allowed to stand for some 
time, wheu steam is tnrued on they will blister. 

"White or colored enameled paints make a good 
finish for radiators, but it is difficult to obtain a paint 
that will not chauge its color under heat. Dead or 
^t paints, with plenty of turpentine, should be used 
first, aud tha finishing coat should be iL« «a».\&ii^\.'«& 



;!.tO steam HBATINQ FOB BUILDINGS. 

paint. For hot vater work enameled paints stand 
very well. 

Black baking japan, or black air-drying japan, are 
very good substances for painting pipes and iron- 
work, and two coats will give a good gloss, which does 
not require to be renewed, A wipe with a slightly 
oiled woolen cloth will give them a fresh appearance. 
Bronzing cannot be done over a black varnish, which 
will show through many coats of bronze. 

Black paraffine varnish should not be used, as it is 
not permanent ; it cokes with heat, and has no body. 

Indirect coils, or coils or heaters which cannot be 
seen, it is best not to paint. 

Dust allowed to collect on heaters impairs their 
efficiency very mnch. 




OHAPTEE XXXn. 

FIRE FROM STEAM PIPES. 

There is much divereitj of opinion as to whether 
wood, ill its simple state, painted ov unpatnted, or its 
charcoal, will take fire from the heat of steam, wn~ 
auperheated., at auy ordinary pressures. Steam can be 
made so hot by superheating that it will ignite wood, 
aud its pressure may be made so high its heat will be 
sufficient to ignite wood; but these are not ordinary con- 
ditiona of atpam any more than they would be ordinary 
conditions of air, and air also can be warmed either by 
superheating or pressure until it will ignite wood. 
What evidence, therefore, have we that steam at ordi- 
nary conditions will ignitewoodorother woody fibres? 
I have known tampico fibre that was used in the 
manufacture of brushes to fall between the heating 
pipes of the drying room, in which there was almost 
constantly 60 pounds pressure of steam, and although 
it was as fine as bristles, and was packed in between 
pipes, it did not take fire. I have also used pine laths 
on the upper side of the shell nf a horizontal boiler, 
to maintain a apace, when turning the arch of brick- 
work over the boiler, and in years afterwards, when 
resetting the same boilers, I found these laths in good 
351 
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couditioD and Dot charred, althongh tbey were subject 
to the heat of 60 pouDcls presauie of steam and in 
heavy and close coutact with the iron of the boiler, 
with 4 inches of brickwork as a covering to the laths, 
which, of course, preveuted any great loss of heat 
tbrough or from the outer surface of the wood. 

The forging a.ndthe lagging of engine cylinders with 
wood furnish apparently good evidence against the 
ignition of wood by steam pipes at ordinary low pres- 
sures and at the ordinary condition of steam. 

Superheated steam, however, and very high-pres- 
sure steam can undoubtedly ignite wood, I have seer 
the hair, felt, and canvas burned off the pipes of a heat 
in^ apparatus for 20 or 30 feet from the boiler by the 
water becoming low or the boiler nearly empty and 
the ateam becoming superheated. 

In all construction, therefore, care should be taken 
ti) guard against the contact of the steam pipes with 
wood, as the general danger is undoubtedly increased 
by the omission to do so. 

Some charcoals will ignite at a much lower tempera- 
t '.re than others, and it is a well-known fact that the 
'ower the temperature at which charring occurs, the 
ower the tempLTature of ignition. The question is, 
however, whether the temperature of charring can ever 
become so low as to cause the temperature of ignittou 
to become equally low, or nearly as low. 

The question has been discussed in the technical 
schools and societies and Ijy the insurance companies 
without any definite conclusion. I think, however, it 
is well to perpetuate a diagram (Fig. 124)that appeared 
in the Scientific American about twenty years ago, 

\ich " Mr, Stahl, a student ot t\i.a ^TB^uatiug clasH of 
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the Stevens Institute of Technology, prepared, at the 
request of Professor Tlmrston, in which the vertical 
scale is one of temjieratHreB of preparation of charcoal, 
aud the horizontitl scale is one of temperatures of igi; ■ 
tioi], au(l the curve shown contains the points of cni 
respondence as given in the table. 

" It will be seen that the curve is apparently nearly 
hyperbolic. The lowest teriiperature of preparation 
was 500° Fahr., but it is seen at a glance, even that at 
350°, the temperature of steam under a pressure of 
over 125 lbs. per square inch, the temperature of 
preparation and of ignition cannot coincide unless 
some marked change of law should occur at so low a 
temperature, carrying the curve, which here represents 
that law, abruptly inward to reach the point A. It is 
needless to state that such a phenomenon would be 
quite improbable, and is probably impossible." 

The foregoing was the editorial comment that ap- 
■eared with the diagram. 

"When the writer first saw the above he was induced 
^ make some crude experiments in the same direction. 

The pine laths that I before mentioned I enclosed 
iu a retort, and to prove this wood was not charcoal, 

placed it in a retort and drove off gas that burned 
with nearly as much light as illuminating gas when it 
leaves the retort. 

I inclosed a two-incli cube of white pine wood within 
a small gas pipe retort, with a bit of solder (oue-third 
tin and two-thirds lead) and a hit of sheet lead, and 
placed the retort in a boiler tube for five days, boiler 
going day and night. At the end of that time the 
wood was pure charcoal, the solder was melted, aud 
the lead waa not, which goes to ako-w -^Mxa Oiia.ti'cs*i. 
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can be made at a temperature between 440° and 612° 
Fahr. ; it beiug understood that the meltitig point of 
this solder is given at 441° fahr. and that of the lead 
612° Fahr. 

To prove the above was pare charcoal, i. e., that all 
the hydrocarbon was driven ofif, I raised the tempera- 
ture of the retort to about 1,200°, but could not drive 
o£f any more gas. 
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vas entirely covered witii brick was not aa dark as 
roasted coffee. This goea to show charcoal cannot be 
made at 300" Fahr., after 2^ years, under the most 
favorable circumstauces, with a furnace fire only 5 feet 
beneath it. 

In experiments ou the ignition of charcoal, I found 
tliat the charcoal made in a boiler tube ■would not red- 
den at the melting poiut of lead (612° Fahr.), but would 
at a lower temperature than zinc t770° Fahr.). 

My mode of operation was this way. I passed a 
gas pipe through a fire aud blew pure hot air through 
the pipe. I also prepared myself with long, slender 
strips of solder (half and half, and one-third tin and 
two-thirds lead), and with strips of lead and zinc, and 
pine shavings, and small pieces of the laths and char- 
coal. 

The pure charcoal would not redden in the same 
blast that just melted the lead, but did in a blast which 
melted it rapidly. When held iu a blast which melted 
solder (one-third tin and two-thirds lead, melting tem- 
perature about 600° Fahr.), it showed no signs of fire 
or redness. 

The luth, which was 2J years in contact with the 
boiler under a course of brick, would become charcoal 
iu a temperature which melted half and half solder, 
but would not get a spark on it until I increased the 
temperature to where the needle of lead bent and 
dropped. It was the same with a nicely prepared 
splinter of white piue, aud I could see no deviation in 
the action from the splinter of the lath; they all be. 
came charred in the blast which melted half and hi 
solder, but would not take ou a spark until the lei 
melted. 
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With a blaut that fased a metal 19 parts tin, 31 lead 
and 50 bismuth, melting temperature about 212° Fahr,, 
I conld not turn tissue paper brown. 

Gunpowder held in the blast which melted the lead 
did not explode until after the lead melted. It gave 
off a slight blue sulphurous light first, then the lead 
melted, aud an instant after the powder exploded. 

Illuminating gas will not take fire from a ohenj led 
poker, but will from a bright red one. 

The gaa of wood, crude petroleum, soft coftl, ot any 
other bjdrocarbnii, will not take fire when escaping 
hot from the retort. "With a cherry red poker I hava 
tried the three mentioaed. 




CHAPTER XXXIII. 

STEAM-HEATING DATA. 

The object of this chapter is to provide simple and 
approximate prelimiuary data for one who desires to 
find the first things necessary for the installation of a 
steam heating or hot-water plant. 

The rules are all based on strictly scientific and 
engineering data, but they are divested of all unneces- 
sary refinement, which for ordinary purposes would 
only add complication to the task, without getting 
very much nearer the actual truth. 

They are the first rules that are required by one 
when designing a building by which he is enabled to 
provide space for boilers, find the horse-power, obtain 
the area of the grate, approximate the coal required, 
find the size of his chimney, etc., and they are the 
rules that the ordinary person wants either to commit 
to memory, or to have at hand in a concise and simple 
form when wanted. 

They are confined to the fewest special factors ; 
some of those factors being obtained by multiplying a 
number of simple factors together. 

When a set of plans is placed on the drawing 
boards, the first consideration is to determine the 
amount of condensation of steam that has to go on 



358 STBAH UEATIXO FOR BUILDINGS. 

withiu the buildiug (wheu that buildiug is properly 
narmed) by the particular method of heating or oF 
heatiug aud ventilation that the owner or the architect 
may desire to adopt. 

The coudeosatioD of a building may be found by 
two different methods. One, a very simple oue, 
is applied to direct radiation, and one, a little 
more complex, is used when forced ventilation or 
large quantities of air by indirect radiation are 
required. 

The latter method will be considered first, as it 
furnishes an item of data on which to base all our 
other calculations. 

For instance, when we find the amount of cooling 
or condensation that is to take place within a building 
in the coldest weather, we then know the amount of 
ivater that it is necessary to evaporate to do this 
work. Having the amount of water to be evaporated, 
we can then obtain in any order we please, the size of 
the boiler necessary to evaporate the water ; the 




STEAM-HEATING DATA. 359 

known as tlie " Massachiisetta Law," which provides 
that each occupant of tlie room has to receive a quota 
of thirty cubic feet of air per minute, which is equiva- 
lent to 1,800 cubic feet of air per hour per child. On 
the basis, therefore, of the minimum quantity of air 
allowed by custom or law, aud making no allowance tor 
the teacher, this will call for the admissiou of 90,000 
cubic feet of air per hour to the school room. Some 
allowance, however, should be made for the teacher, 
and also some little factor for safety ao aa to prevent 
working too close to the minimum quantity allowed 
by law or custom, so that it is both reasonable and safe 
for an engineer or a designer to assume that he should 
provide at least for the admissiou aud warming of 
100,000 cubic feet of fresh air in each hour to each of 
the eiglit principal rooms of an ordinary primary 
school building. 

Quantity of Air Required.— 'This will call for 800,000 
cubic feet of air per hour for the class rooms alone, 
and at least 300,000 cubic feet of air should be pro- 
vided in addition for ventilation for the other parts of 
tlie building. Of course, these quantities are subject 
to variation in the judgment aud experience of the 
engineer, but for our purpose we will take them as 
above for the sake of au easy and even example iu 
our calculation. Therefoi'e, an eight room primary 
school will require about 1,000,000 cubic feet of air 
per hour for its proper ventilation. Usually, enough 
warmth can be admitted with this quantity of air to 
keep the rooms properly and equably warm, although 
it is often customary to use additional direct radiation 
in the halls, etc. 

Temperature of Air at fieijiuter,— ^'^.Vwiijj Tiat; &^^ 
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covered the qnantity of air necessary for the building, 
we have next to coasider what its temperature should 
be as it passes through the registers into the rooms 
of the building. It is nsual to maintain a temperature 
of 70° Fahr. withiu a romn. It is a common thJDg t^ 
provide in epecilicatioiis for heating that "the food] 
shall be warmed to 70° Fahr, when the thermometer 
outside is at zero," If the air passes the registers, 
however, at 70". it will not maintain the temperature 
of the room at 70^^, as a certaiu amount of cooling goes 
on withiu the room, due to walls and windows. It is 
known, however, that should the air pass the registers 
at a temperature of 100° (giving the Massachusetts 
quantity of air), that it is somewhat more than sufh- 
cient to maintain the temperature of the room at 70" 
even when the temperature outside is at zero. It is 
also knowu that air passing the registers at 80° or 85" 
(giving the Massachusetts quantity, say 100,000 cubic 
feet per hour for the room described) will not main- 
tain the temperature of the room at 70°, when the 
temperature outside drops much hehiw 40°. Accord- 
ing to three (3) different theoretical rules (which it is 
not necessary to mention) assuming average conditions 
of walls and windows with light on two sides of such 
a room as we have selected, we have a loss of 27^ ; 
16°, and about IS^" respectively, but my experience 
has been such that I place it at 30°, and therefore 
base all my calculations for school work on an increase 
of 100° above zero as the lowest safe temperature for 
which I provide means to warm the air. 

"Air Units." — Having therefore determined that 
the building requires 1,000,000 cubic feet of frash air 

<r hour warmed 100°, we Wve aii^jawMv. oWjyWjMO 
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X 100° Fahreuheit = 100,000,000, wliicli of course is 
100,000,000 cubic feet of air warmed one degree, and 
which I call 100,000.000 "Air Units;" the air unit 
being the equivalent of warming one cubic foot of air 
one degree Fahr. If iiow we divide these Air Uuits by 
iin average division of 50, we have reduced the same 
to a value of 2,000,000 Heat Units ; the Heat Unit 
being the equivalent of warming one pound of water 
one degree, while the Air Unit is the etjuiTalent of 
warming one cubic foot of air one degree. 

The Air Unit, however, thua adopted, ia au arbitrary 
unit, and to be correct should be based on warming a 
cubic measure of air at some constnnt temperature, 
say at 32° or at zero, or the warming of some constant 
weight of air, irrespective of its temperature. For 
our purpoBe, however, the divisor 50 is approximately 
correct, and is obtained thus : 

One pound of air at 32^ Fahr. under a pressure of 
an atmosphere of 29.9 inches of mercury, will occupy 
a space of 12.38 cubic feet, and its specific lieat is 
.2379; the specific heat of water being unity. In 
other words, a pound of water requires 4.2 times as 
much heat to increase its temperature one degree 
Fahr. as a pound of dry air does ; so that the warming 
of 4.2 pounds of air one degree is the equivalent of 
cooling one pound of water one degree. We have 
thus, 4.2 pounds of air at 32° Fahr., occupying a space 
of 12.38 cubic feet X 4.2, which equals 52 cubic feet, 
or the buik of air at a temperature of 32° that can be 
warmed by one Heat Unit. This, as will be noted, is 
for air at 32". Now, if the air instead of being 32° is 
zero, following the same method of reasoning aa we 
have above, its bulk will be 48.6 aM\i\c \eie\. Vc>t fe-a-^Stt. 
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Heiit Unit, und at a temperatuie of 14° above, its baR 
is 50 cubic feet ; while at 70° Falir. it will be 5(1.3 
uubic feet. This therefore givea the range of bulk tor 
air between zero, the coldest ontaide temperature ou 
which calculatioua are osnally made, to 70", the tem- 
perature of the room, and shows why 50 can be taken 
as a proper iliviaor without appreciable error. 

British Heat Units. — We have found above, there- 
fore, that for every million cubic feet of air admitted 
to the building in an hour (or any time) and 
warmed 100°, we shall have to fnrnish steam equal to 
2,000,000 British Heat Units in the same time. To 
warm this quantity of air the equivalent of 2,000,000 
Heat Units, we shall have to cool a quantity of steam 
equal to 2,000,000 Heat Units, and here again another 
average divisor of 1,000 may be used without appre- 
ciable error, by which we obtain the amount of steam 
necessary to be condensed (or to be evaporated), and 
the answer will be in pounds weight of steam or 
water; which, in the instance we have cited is the 
equivalent of 2,000 pounds weight of steam condensed 
or 2,000 pounds of water evaporated to steam in a 
boiler. 

Heat Units in One Pound of Steam. — Let ns now see 
how this divisor ot 1,000 ia obtained. If we evaporate 
one pound of water from a temperature of 212° (under 
our ordinary pressure of atmosphere) it requires 965 
Heat Units to accomplish the evaporation, and to turn 
the water into steam at a pressure just above the 
atmosphere (according to Regnault'a tables), and if 
we look at any of the tables of tlio heat of steam, we 
shall find that the ?ri^«i( heat of vaporization decreases 
ivith an increase of pressuvft, bat that the sensible heat 
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iucreases, and that tlie sum of tlie sensible and latent 
heat of steam above 212" forms a nearly constant 
quantity, increasing slightly with the increase of 
pressure, so that at ten pounds pressure it is the 
equivalent of 974 Heat Units, and at forty pounds 
pressure it is the equivalent of 989 Heiit Units, while 
at one hundred pounds pressure it is the equivalent 
of l,00i Heat Units. I follow this line of reasoning 
on the assumption that we always cool the water in 
the return pipes to 212", or something below it. 

In low pressure apparatus it cools considerably 
below 212°, so that it is only necessary to cool it to 
178° to extract the whole 1,000 Heat Units from it. 
Therefore the divisor of 1,000 (Heat Units) is ob- 
taiued by cooling one pound weight of steam from aay 
one pound pressure above atmosphere to water nt a 
temperature ot aboiit 178° in the return pipes, and 
which would become but 1,004 Heat Units if we cool 
the steam from one hundred pounds pressure to a 
temperature of 216" in the return pipes, all of which 
are good average conditions. Therefore, the divisor 
of 1,000 is not empirical, but founded on science and 
practice. 

If we therefore divide our 2,000,000 Heat Units by 
our constant of 1,0(X) (the Heat Units in a pound 
weight of steam), we find that we have to condense 
just 2,000 pounds weight of steam at any ordinary 
pressure, to supply our 2,000,000 Heat Units, neces- 
sary to warm the 1,000,000 cubic feet of air 100°Pahr. 

Horse-power. — Having now discovered that we re- 
quire to evaporate 2,000 pounds of water or condense 
2,000 pounds of steam, we divide this 2,000 by 30, 
and have the result in centennial Uorse-igowev •, "«b.\'i.\i 
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is equivalent to (>6.6 Lorse-power. This, tliei'efoie, 
gives as the boiler i:iipiicity we bave tieeii looking for. 

Cool. — After having fouDd our boiler it becomes 
neeesaary to approximate the aniouut of coal that we 
may have to burn, so that we may be able to estimate 
our expense aud also arrive at the size of our grate. 
Having the amount of water that it is necessary to 
evaporate, say 2,000 pounds, a simple method indeed 
hi to divide the weight of water iu pounds by another 
constant divisor of ten (10) and the result is the 
weight of good coal that will be burned to evaporate 
that quantity of water. This ten (10) is also a slightly 
variable quantity, aud will vary from eight to efeven 
with different types of boilers. I use the ten for all 
ordinary rough calculations, although some say nine 
may be nearer the octaal couditiontii of commoQ prac- 
tice ; teu being good practice. Therefore, if we divide 
the 2,000 pounds of water by ten, it shows that we 
have to bum about two liuudred pounds of coal per 
hour to warm 1,000,000 cubic feet of air 100° in the 
same time. 

Grate. — Having found the amount of coal to be 
l)urned, it theu becomes necessary to establish the 
size grate necessary to burn this coal. It is said that 
in burning coal under large boilers when a tireman 
is in attendance, the greatest results in economy 
have been obtained when the coal has been burned at 
the rate of about nine pounds per hour per square 
foot of grate. This dictum, however, is open to ques- 
tion. For a low pressure apparatus in house work or 
school work in the care of janitors, and any apparatus 
that is made automatic aud that will have to run for 
iong peiioda without atteutvou, l^jut \« t-^a -^oiiivda of 
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coal per hour per square foot of grate is ordinary 
practice ; hence the large proportion of grate in small 
boilers. Again, with high pressure power boilers, 
twelve to one, and even higher is not considered bad 
practice. This question, therefore, admits of great 
latitude, but for boilers for all ordinary large buildings 
(power boilers), ten to one and twelve to one becomes 
a good rule. In other words, divide the amount of 
coal by ten or twelve, and you have the square feet of 
grate necessary and proper to burn it under average 
conditions of practice. 

The ten to one would give us twenty square feet of 
grate for a sixty-seven horse-power boiler, which is 
rather a larger grate than a sixty-seven horse-power 
horizontal boiler would require, and where ten may 
be a good ordinary divisor, twelve will probably be 
nearer the ordinary and every-day practice, when 
circumscribed by local conditions. 

Chimney. — The next question to consider is that of 
the chimney necessary to burn the amount of coal 
required. The chimney, when accurate data are re- 
quired, should be calculated by the amount of coal to 
be burned and the height of the chimney, but this is 
a complex question in itself, and we have no room for 
it here. 

A common old rule for proportioning the size of 
the chimney for the grate, is to take one-eighth of the 
grate area, and call it " chimney." Nothing was said 
about the height of the chimney, and at the best this 
was but a crude approximation, and often disappoint- 
ing with a short chimney, although at the present time 
in New York with high buildings (over one hundred 
feet), it is a safe rule to follow. 
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Itecapi filiation. — We can now recapitnlate the whole 
of the foregoing matter in the following simple man- 
ner by an arithmetical example, thus : 

(1) 1,000,000 cubic ft ' air passing through build- 
ing in an hour. 
X 100" Fahr. air is warmed (0. to 100. F.) 



50)100,000,000 air-units. 

1,000)2,000,000 Heat-Units required in an hour. 



10)2,000 lbs. water to be evaporated in boiler 
or steam condensed in apparatus 

per hour, 

12)200 lbs. coal required per hour. 
8)1G.6 sq. ft. of grate (minimum). 
2.075 sq. ft., size of chimney lOO ft, high. 

The above speaks for itself. 

If now we ileaiie to fiutl onlv the liorai 
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(3) 66.6 horse-power of boiler. 
15 sq. ft. per horse-power. 

999 sq. ft. of surface in boiler. 

which is practically 1,000 square feet of surface for 
such a boiler. 

The foregoing simple data, therefore, establish 
the amount of air necessary for the school ; the tem- 
perature to- which provision should be made for warm- 
ing the air ; the total (British) units of heat necessary 
to warm the air ; the amount of water necessary to be 
made into steam (or steam to be condensed into water) 
necessary to supply the foregoing units of heat ; the 
amount of coal required to be burned per hour; the 
reasonable size of the grate on which to burn the 
^oal; the size of the chimney necessary for com- 
bustion ; the power of the boiler in nominal horse- 
power, and the number of square feet of fire and flue 
surface in the boiler. 

The above is for indirect work for school buildings, 
hospitals, etc., and in the following I will endeavor to 
consider the question of similar calculations when 
based on direct radiation without systematic ven- 
tilation. 

Direct Radiation, — Having determined the amount 
of direct radiating surface necessary for warming a 
room or for a building, it becomes necessary to know 
how to obtain the boiler, etc., for the same. The 
radiating surface for the building may be determined 
by any of the ordinary rules of practice, a very good 
one of which appeared in the early editions of this 
work, but which was omitted accidentally in the gen- 
eral revision of the llth edition* 1\» \^ \o \i^ \a\ixA "^isi^ 
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the eud of this chapter iu counection with the matter 
omitted, and has been kaown as the "Author's Rule." 
It has stood a test of over twenty years and eau be 
relied upoD. 

Having found or established the radiating surface, 
therefore, we can proceed as follows: 

Multiply the heating surface in square feet, either 
by the number of pounds of steam that it is known tke 
particular type of radiator will condense in an houi', 
or by the number of heat units when that is known, 
and which is pretty well established for diflerent 
types of radiators and coils. 

Horizontal coiis of jilain pipe, well distributed, have 
the highest efficiency as direct heaters. Then come 
the simple types of vertical radiators, when not of 
too great a height. The higher a radiator is, the 
lower its efficiency per square foot of surface, and 
thirty-ais or thirty-eight inches has been established 
as a fair limit of height, so as to prevent an unnec- 
essary waste of iloor room, with reasonable economy 
in iron and in cost. 

Vondensatton. — Without going into the matter in 
detail, therefore, it is only necessary for me to say 
that in horizontal one inch pipe in wall coils, the 
condensation per square foot of surface is found to 
be about .3 of a pound of water per square foot 
per hour for low pressures (one or two pounds pres- 
sure of steam), and that it decreases to about ,26 of a 
pound of water per square foot per hour for the aver- 
age types of radiators. 

Talcing the value, therefore, of a pound of steam at 
1,000 Heat Units, we have 300 Heat Units per square 
jfooi ol surface for CQi\a, ^\i\(i\i \^ aoiae c%i«a% t.mss. u. 
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little over this, and 250 Heat Units per sq^uare foot 
of surface for average radiators. The conJeusation, 
Lowever, will vary and iucrease with an increase of 
pressure of steam, and numerous experiments have 
demonstrated that the condensation iu different types 
of radiators and coils can be reduced to the equiva- 
lent of 1.66 Heat Unita per degree difference, between 
the temperature of the air of the room and tho 
temperature of the steam, per square foot of heating 
surface, for the poorer types, to about 2.25 Heat 
Units for the more efficient direct radiators and coils. 

Assuming, therefore, that we have a radiator of 100 
square feet in a room at 70°, with a pressure of steam 
at one pound, or 215°, we have a difference of temper- 
ature between the steam and the air of the room of 
145°, and should the type of radiators or coils be un- 
known to us, other than that the building is to be 
warmed by direct radiation, it is reasonable to assume 
that we may average the loss of heat per square foot 
of surface per degree difference of temperature at 
two Heat Units, which is my usual practice unless I 
know exactly what type the radiators are to be, and 
which gives us a total loss of heat of 290 Heat Units 
per square foot of surface for a radiator of 100 square 
feet, therefore the loss of heat is equivalent to 29,000 
Heat Units, or say the condensation of twenty-nine 
pounds of steam, while for a building of 1,000 square 
feet of surface, it will amount to 290,000 Heat Units, 
and so on. 

For the sake of easy calculation, therefore, we will 
assume that we have a building with 10,000 square 
feet of radiation, and desire to find the boiler, etc., we 
ma^ proceed as follows : 
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(4) 10,000 sq. ft. of radiation in building. 

290 Heiit Units lost per sq. ft. per hour. 
l,000)2,ltUO,(KX) Total Heat Units. 

I())'2,y00 lbs. Water to be evaporated nr 
steam to be condensed per hour. 
12)2110 lbs, coal required per Lour. 
8)24.10 sq. ft. of grate. 

3.2 Area of chimnej iu sq. ft. 100 feet 
liigb. 

The horse-power of the boiler and the surface in 
square feet can be found as shown before in examples 
(2) imd (3). 

EMPinrcAL Rules. 

Hiinple empirical rules based on the foregoing are : 

(1) Ileal l/tiitN. — Having tiie cubic feet of air to 

pass through a bnildiug in au hour and warmed 100° 
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pass through a building in an hour, and warmed 100° 
Falir., and requiring the grate area, divide by 60,000, 
and the answer is in square feet of grate, 

(5) Size of Chimney. — Having the cubic feet of air 
to pass through a building in an hour, and warmed 
100° Fahr., and requiring the chimney 100 feet high, 
divide by 500,000, and the answer is in square feet of 
cross sectional area. 

(6) Required Horse-power. — Having the cubic feet 
of air to pass through a building in an hour, and 
warmed 100° Fahr., and requiring the horse-power of 
the boiler, divide by 15,000, and the answer is in horse- 
power, 

(7) BoUer Surface. — Having the cubic feet of air to 
pass through a building in an hour, and warmed 
100° Fahr., and require the number of square feet of 
heating surface in boiler, divide by 1,000, and the 
answer is in square feet. 

The Author's Eule. 

To Estimate the Amount of Heating Surf ace Necessary 
to Maintain the Heat of the Air of Enclosed Space in 
Buildings to the Desired Temperature. — The old method 
of taking the contents of a room or building and 
dividing it by some fixed factor to find the heating 
surface is now entirely obsolete, as it should be, as it 
was not based on anything but the most arbitrary 
principles. 

It may be resorted to now in a rough way when 
making preliminary estimates of cost, the price per 
cubic foot being known approximately by comparison 
with other buildings whose cost U kuo^w* 
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Wlien it i3 considered, however, that a room of 
1,000 cubic feet may be a cube of 10 X 10 X 10 ivitli 
one cold side in one case, while with three cold sides 
ill another, it is quite evideut that it will require 
uearly three times as much heating surface in oue 
case as in the other, so that this alone shows tlie 
error of estimating lieating surface by cubic contents. 

The heating surface necessary to warm a room, of 
course, should be proportional to the cooling surface, 
aud the glass of the windows and the outside walls 
form tlie largest factors in cooling. 

The glass which forms the windows forms the 
highest cooling factor in ordinary practice, and it may 
be taken as 1,000, in which case the following table 
shows approximately the value of other building 
materials. 



TABLE OF .\PPKOXIMATE POWER FOR TBANSMTmNG HEAT 
OF VAHIOUS BUILDING 8UB3TAMCE8 COMPARED WITH 
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It has been found t]iat one square foot of heating 
surface with steam at one pound presaore will just 
!ibout olfset the cooling done by two square feet of 
^lass, when tlie outside temperature is 70°. This ia so 
wiiU established now that it need not be questioned. 

In the eai-ly days of steam heating the writer was 
acquainted with this fact, and he devised the follow- 
ing rule, which appeared in the first edition of this 
work in about 1879, 

Divide the difference in temperature, hetween that at 
which the room is lobe kept mid the coldest ovtaide atmos- 
phere, by the differejice bettveen the temperature of the 
steam pipes and that at which you wish to feep the room, 
ami theproduct ioUl be the square feet, or fraction thereof 
of plate or pipe surface to each square foot of glass {or its 
equivalent in wall anrface). 

Thus : Temperature of room, 70 degrees ; less tem- 
perature outside, ; difference, 70 degrees. Again : 
Temperature of steam pipe, 212 degrees; less tem- 
perature of room, 70 degrees ; difference, 142 degi'ees. 
Thus : 70 -^ 142 = 0.493, or about one-half a square 
foot of heating surface to each square foot of glass, or 
its equivalent. 

It must be distinctly understood that the eitent of 
heating surface found in this way offsets only the 
windows and other cooling surfaces it is figured 
against; and does not provide for cold air admitted 
around loose windows, or between the boarding of 
poorly constructed wooden houses or for ventilation. 
These latter conditions, when they exist, mnst be 
provided for separately, and usually require aa much 
as 50 per cent, additional ; a good common rule for 
ordinary purposes being t,hree-lovxi:^>\i.% oV ^ w^asx-si 
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foot of heating surface to each square foot of glass, 
or its equivalent in wall surface. 

In isolated buildings, exposed to prevailing north 
OF west winds, there should be a generous additiou 
of the heating surface on the exposed sides of the 
rooms. 

In green-houses the saving of heat when double 
glazed sashes are used is very apparent, and in build- 
iugs warmed altogether bj direct radiation ^ to ^ less 
heating surface will do when double windows 01*6 used. 




CHAPTEB XXXIV. 

MISCELLANEOUS NOTES AND TABLES. 

These notes and tables will be found of service in 
estimating. • 

The avoirdupois pound is always to be used, uuless 
otherwise specified. It contains 7,000 Troy grains ; the 
grain is always Troy. 

16 drams = 1 ounce. oz. 

16 ounces = 1 pound. lb. 

25 pounds = 1 quarter. qr. 

4 quarters = 1 hundred. owt 

20 cwt., 2,000 lbs. = 1 ton. 

The gross ton (in which the quarter becomes 28 lbs., 
the hundredweight, 112 lbs., and the ton, 2,240 lbs.) in 
used in estimating English goods afc the U. S. Custom- 
House ; in freighting ; in the wholesale coal trade ; and 
in the wholesale iron and plaster trades, and when 
specified. 

1 lb. avoir. = 16 oz. avoir. = 7,000 grs. Troy. 

1 « « = 437.5 " 

27^ cubic inches of water weigh one pound avoir- 
dupoisy at a temperature of 40°. 
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A cable foot of water, at a temperature of 60", weighs 
999 ozs., autl is taken as 1,000 ounces, or 62^ pounds, 
for all ordinary calculations. It weighs a little less 
tliau 60 pounds when the temperature is 212°. 

A cubic foot of water contains Terj nearly 7j- gallons, 
and for rough calcalations may be taken as suck 
(7.4805 gallons is actual) number. 

A cubic inch of water, at its greatest density, weighs 
252.725 grains ; a cubic foot, 62.4 pounds. 

1 gal. = 231.0 cubic in. 
1 cub. ft, 7i " = 1728.0 
1 bushel, 1 A " 9^ " = 2150:42 " 
1 cord, 128.0 « « - « 

1 cub. yd., 27.0 " " = 46666.0 

1 barrel* 4.21 " SIJ " = 7276.5 

* A flour barrel will hold 33.^3 gallons, or 4-449 cntnc feet, cr 3.79 
heaped bushels (called ZJ^ bushels). 

In estimating quantities of water by barrels, 31^ standard gallooi 
equals the barrel. 
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TABLE NO. 10. 

wmoht of ▲ cubic foot of ta&ious buildina materials, in pounds 

(approximate). 

Granite 168.0 pounds 

Marble 166.0 " 

Sandstone 4., 135.0 <' 

Blue-stone 165.0 " 

Slate 180.0 " 

Mortar, dry 80.0 to 100 pounds. 

Ck>mmon Brick 112.0 pounds. 

Dry Sand 100.0 •* 

Fire-brick 135.0 «« 



One perch of stone-work, in walls or foundations, 
measures 24f cubic feet. 

One thousand common bricks, laid in a wall, makes 
about 50 cubic feet, varying a little for different bricks. 

Six fire-bricks to each square foot of lining, one 
brick thick, is suflBcient ; 1,000 bricks will make 170 
superficial feet of lining, laid in the ordinary way. 

To find the weight of iron castings by computation. — 
Find its solid contents, in inches, and multiply them 
by 0.26, and it will give the weight, in pounds. For 
rough calculations, it will do to divide the cubic inches 
by 4, and call the answer pounds. 

To find the weight of any other casting, or forging. — 
Find its solid contents in cubic inches, and multiply by 
the weight of a cubic inch of the metal, as given in the 
table No. 9, "Weight of a cubic inch of various metals." 

For irregular castings, which are difficult to measure 
and cannot be conveniently weighed, a rough estimate 
of their weight may be taken, provided they are not 
cored outy by weighing the pattern, if it is of soft pine, 
and allowing 13 times the weigVA oi \Jckfe •^^hKK^£l^^&. '^ 
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the end ot this chapter in connection with the matter 
omitted, and has been known as the " Author'a Bule." 
It has stood a test of over twenty years and can be 
relied upon. 

Having found or established the radiating surface, 
therefore, we can proceed as follows: 

Multiply the heating surface in square feet, either 
by the number of pounds of steam that it is known the 
particular type of radiator will condense in an hour, 
or by the number of heat units when that is known, 
and which is pretty well established for different 
types of radiators and coils. 

Horizontal coils of plain pipe, well distributed, have 
the highest efficiency as direct heaters. Then come 
the simple types of vertical radiators, when not of 
too RTeat a height. The higher a radiator ia, the 
lower its efficiency per square foot of surface, and 
thirty-six or thirty-eight inches Las been established 
as a fair limit of height, so as to prevent an unnec- 
essary waste of floor room, with reasonable economy 
in iron and in cost. 

Condensation. — Without going into the matter in 
detail, therefore, it is only necessary for me to say 
that in horizontal one inch pipe in wall coils, the 
■condensation per square foot of surface is found to 
aboiit .3 of a pound of water per square foot 
per hour for low pressures (one or two pounds pres- 
sure of steam), and that it decreases to about .25 of a 
pound of water per square foot per honr for the aver- 
age types of radiators. 

Taking the value, therefore, of a pound of steam at 
1,000 Heat Units, we have 300 Heat Units per square ' 

lot oi surface for coWb, ■y)\i\cV \a ao'CD.fe «^\Mi»% txiji. «. 
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little over this, and 250 Heat Units per square foot 
of aurtace for average radiators. The coudeiiaatiou, 
however, will vary and increase with au increase of 
pressure of steam, and umneroiis expenments have 
demonstrated that the condensation iu diflferent types 
of radiators and coils can be reduced to the equiva- 
lent of 1,66 Heat Units per degree difference, between 
the temperature of the air of the room and the 
temperature of the steam, per square foot of heating 
surface, for the poorer types, to about 2.25 Heat 
Units for the more effit-ieut direct radiators and coils. 

Assuming, therefore, that we have a radiator of 100 
sqnare feet in a room at 70°, with a pressure of steam 
at one pound, or 215°, we have a difference of temper- 
ature between the steam and the air of the room of 
145°, and should the type of radiators or coils be un- 
known to us, other than that the building is to be 
warmed by direct radiation, it is reasonable to assume 
that we may average the loss of heat per square foot 
of surface per degree difference of temperature at 
two Heat Units, which is my usual practice unless I 
tnow exactly what type the radiators are to be, and 
whioli gives us a total loss of heat of 290 Heat Units 
per square foot of surface for a radiator of 100 sqnare 
feet, therefore the loss of heat is equivalent to 29,000 
Heat Units, or say the condensation of twenty-uine 
pounds of steam, while for a building of 1,000 square 
feet of surface, it will amount to 290,000 Heat Units, 
and 30 on. 

For the sake of easy calculatiou, therefore, we will 
assume that we have a building with 10,000 square 
feet of radiation, and desire to find the boiler, etc., vi 
may proceed as follows : 
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(4) 10,000 sq. ft. of radiation in building. 

290 Heat Units lost per sq. ft. per hour. 
I,a00)2.!l00,000 Total Heat Units. 

10)2,900 lbs. Water to be evaporated or 
"~ ■ steam to be condensed per hour. 

12)290 lbs. coal required per hour. 
8)24.16 sq. ft. of grate. 

3.2 Area of cliimney in sq. ft. 100 feet 
high. 

The liorse-power of tlie boiler and tlie surface in 
square feet cau be fouud aa sbowu before in examples 
(2) aud (3). 

Empirical RutEa. 

Simple empirical rules based on the foregoing are : 

(1) Jfcaf Unifs. — Having the cubic feet of air to 

pass tlirough a building in an hour and warmed 100° 
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pass through a building in an hour, and warmed 100° 
Falir., and requiring the grate area, divide by 60,000, 
and the answer is in square feet of grate. 

(5) Size of Chimney. — Having the cubic feet of air 
to pass through a building in an hour, and warmed 
100*^ Fahr., and requiring the chimney 100 feet high, 
divide by 500,000, and the answer is in square feet of 
cross sectional area. 

(6) Required Horse-power. — Having the cubic feet 
of air to pass through a building in an hour, and 
warmed lOO"" Fahr., and requiring the horse-power of 
the boiler, divide by 15,000, and the answer is in horse- 
power. 

(7) Boiler Surface. — Having the cubic feet of air to 
pass through a building in an hour, and warmed 
100° Fahr., and require the number of square feet of 
heating surface in boiler, divide by 1,000, and the 
answer is in square feet. 

The Author's Eule. 

To Estimate the Amount of Heating Surf ace Necessary 
to Maintain the Heat of the Air of Enclosed Space in 
Buildings to the Desired Temperature. — The old method 
of taking the contents of a room or building and 
dividing it by some fixed factor to find the heating 
surface is now entirely obsolete, as it should be, as it 
was not based on anything but the most arbitrary 
principles. 

It may be resorted to now in a rough way when 
making preliminary estimates of cost, the price per 
cubic foot being known approximately by comparison 
with other buildings whose cost is kuowo. 
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By multipljing tlie above lengths by the relative 
volume* of steam at any required pleasure, it ivill 
give the length of pipe which will be necessary to con- 
tain a cubic foot of water when converted into steam 
at that pressure. This is necessary in ascertaining 
the amount of water that ■will be taken from a boiler 
to fill the pipes and radiators of the apparatus witli 
steam. 

To make the subject of horizontal multi-tubular 
boilers complete for the class of meu who do not find 
it convenient or cannot spare the time to figure the 
matter out for themselves, or who may not have the 
data at their fingers' ends, the annexed table (No. 14) 
and diagram have been worked out to cover the prin- 
cipal points conuected with this class of boilers. 

The diafiram Fifj. 125 of the head-sheets shows the 
number of tubes of the ordinary sizes in general use 
that can be properly and conveniently put into the 
head-sheets of boilers from 36 inches to 60 inches in 
diameter, at the same time leaviug suMcieut loom 
* See Table No. $, page \<ji. 
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above tlie tube line to form a steam space and allow 
sulHcieut distance for a safe water line. 

Tiie diametera of boilers and tubes given cover tlic 
comruou range of sizes used ia warming. An empiri- 
cal rule exists among some boiler conatrnctors to liiive 
one. fourth of the diameter of the boiler above the tube 
line to allow for steam space and water above the 
tubes. This may do on boilers of large diameter, but 
for 36 and 42 inch boilers, practice has proved that it 
ia not aufiicieut — at least in boilers that are to be used 
for warming purposes with gravity apparatus. When 
a boiler lias to supply steam for engines and power 
steadily, and has a continuous and regular feed supply 
that will keep the water within a range of rise and fall 
of two inches, then the minimum water and steam 
»pace of i can be uaed as a good common rule, pro, 
vided tube surface enough cannot be properly placed 
in less than the remaining three-fourths of the boiler, 
heads. But this one-fourth rule should not be followed 
in boilers under 48 inches in diameter, even for power 
and seldom in boilers for heating purposes, or for 
heating purposes and power combined. 

The reason for this is well known to the experienced 
steam-heating engineer, and is obvious when it is ex 
plained that a boiler or a battery of boilers must have 
suflicieut water above the tube lines to allow for the 
Ulliug of till the mains and heater with steam without 
lowering the water to a dangerous point. 

A novice about a steam-heating boiler will have an 
experience about as follows: He will get up steam 
and lill his mains and radiators to, say five pounds 
pressure. As the water lowers in his boiler he adds 
freslt water to maintam tke -wa-tex Vine, aay "two 
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apparatus, iDcreaBiDg ^itb the bulk of steam within 
the radiators, as compared to the surface of the radi- 
ators. 

For the above reason another empirical rale wa8 
given for a general determiuatiou of the water line 
and the eteiim space above the water, and good prac- 
tice hod established this to be about two-fifths of the 
diameter of the boiler. 

On the other hand, again, we are generally con- 
fronted with the necessity of getting the largest pos- 
sible tube surface in a given size shell, on account o( 
the restricted width and height of the space allowed 
for boilers in most of our large buildings. As a com- 
promise between the two empirical rales the boiler 
heads shown in the diagram have been laid out in 
every ease to give about oue-third of the diameter of 
the boiler above the tube line, and to be as near the 
two-fifths Hue as is consistent with getting a reasonable 
tube area, both in regard to heating surface and due 
area. 

The rule 1ms been to keep all tubes three inches 
from the shell of the boiler, as called for in the laws 
governing marine boilers, and iu these diagrams no 
tube comes nearer the shell than 2^ inches. 

There are two instances, also, iu which a greater 
distance can be obtained between the tube line and 
the top of the boiler-ahell than shown in the diagi-auis, 
and that is in the ease of the 36-inch boiler, with 
thirty-nine 2i-inch tubes, and the 48-ineh boiler, with 
thirty-nine 3^inch tubes. In both cases the tubes 
could be dropped IJ inches witliont bringing them too 
olose to the shells, 
k It appears umiecesaat j to e.^\i\am. &.& ia\j\ft>i\.«)l Table 
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No. 14; it shows for itself. It was made by the author 
for his own conveuieuoe, aud its use must be apparent 
to any oue who wishes to know how inauj tubes he 
can put into a certain diameter boiler without resort- 
ing to the drawing board to lay it out for himself. 
Thus he finds the number in column 4, and the size of 
the tubes in ooiumu 2, Then he finds the heating 
surface of the boiler for given lengths in square feet 
in columns 8 and 9, but it does not include the upper 
half of the shell, which should not be counted. If, 
then, he wants the surface for other lengths of boiler 
he finds the number of square feet of surface he is to 
add or take away for each foot the boiler is longer or 
shorter than for the columns 8 and 9. The columns 
10 and 11 give the tube area, the lirst in square inches 
and the latter iu equare feet. Columns 18 and 19 ^I've 
the horse-power, assuming 15 square feet of average 
shell and tube surface to be one nominal horse-power 
in this class of boilers. 

In the diagram, where tubes are dotted they can be 
dropped to good advantage, as being either too near 
the shell or in the way of inspection. 

The thickness and areas of tubes used are tijose 
given by the National Tnbe- Works, 




^■90 arSAM HEATINQ FOR BTJILDIN08. ^^^ 


• 


1 

9 


1 

1 


5 


1 

jl 


If 

1 

_50 


if 

ill 

If 


s 


s 

i 




K 

H 
SS 
M 
30 
36 


r 




K 


S6 
16 


iS 


S4.(M 
89. 3S 

ae.OD 
sales 


ssalai 

S!f;!S 

2S1.S2 

361.06 




m-ow 


41 
4! 




1 


i 


88 
45 

SB 

«9 


111 

i'.m 


40.14 
38,54 
33.96 

soies 


463:«8 

il 




rar.ia) 

973. 1M 1 

» 

SM.41I 1 


It 




1^ 


1 


39 




il 


487.16 

463. ea 


soi.ao 

T?B.64 

il 


£94.48 
346.M 

3M:o«8 


i 




k 


1 


'i 

45 


\'.i^ 






m'.a 


409.00 
437.04 
418.81 
480. 7M 
4K.3a 


00 
DO 
60 

ft' 




1 


1 


M 


1:3T0 


83.71 
BO.BI 

ni.oo 




136B.OI 

ii;? 


WTM, 

612. » 


■ > 


» 


" 


^ 


^ 


« 


7 


" 


e 


10 


L J 



MISCELLANEOUS NOTES AND TABLES. 391 


% 

lis 

III 
8" 


II 
II 


II 


U 

|J 
i 


1 


i 


5l 

II 
1 


1 
II 

is 
jl 


S 


o!»» 




13 
14K 


i 


:os5 


rpoo 


:bi9 

iaeo 


S3K 
10:74 














if 


jl 


|8H 


10 


!]og 


•1 


,| 


S3.7,'i 

»r!8i 












g.CI4f| 


ts 

10.939 


is 

i» 


la 


.109 
.109 
.109 


i!s?B 


HBO 
1.W7 


40.sr 
soifti 


si 'bo 
48 01 
43 01 


is 


if 


20 


i 


JOB 
.109 


if 


,1 














(Tnble 


8!S47 




IS 


.109 
Il09 


lisfs 


;99o 

l.STl 




90 60 




» 


IS 


" 


» 


i< 


" 


18 


H 


H^ TABLE NO. li.—{Co>Uiuii«i.) 



HORIZONTAL STEEL BOILER 

LENGTH ie' DIAMETER 54" 

SoiLER Makers Details, 




f 



i 







'*.\ 



n 




CENTER LONGITUC 



FAL BOILER. plate v. 

FULL FRONT. 




n 



* I 



•.»» 





ARiNE Boiler. 





CENTER LONGITUE 



n 



FAL BOILER. 

FULL FRONT. 

^- 

1 I ^ 




INDEX 



CHAPTER I. 

GRAVITT-CIRCULATINa APPARATUS. 

TJMM 

Gravity Sjrstems of Piping 1 

Nomenclature 6 

Water-line 8 

How a Building with Wooden Floors is Piped 11 

Two Heaters from the Same Connection 12 

Oitlets of the Risers 12 

Risers 13 

Radiator Connections 14 

Steam-mains (see Chapter XV) 15 

Return of the Water imder all Conditions of Pressure 16 

The Size of Mains 16 

How Steam-pipes should leave the Boiler 18 

Relief Pipes 18 

Pitch of the Main 18 

Tees in a Main 19 

Stop-valves in Risers 21 

Stop-valves in Mains 21 

Main Return-pipes 22 

Dry Return-pipes 23 

Check- valves in Returns 24 

Circulating Pipe 25 

CHAPTER n. 

BADIATORS AND HEATING SURFACES. 

Vertical Tube Radiators 27 

Cast-iron Sectional Radiators 28 

Steam entering Radiator 29 



MI8CBLLANE0U8 NOTES AND TABLES. 387 

cocks." As soou as tlie water of comiensation begins 
to come back he finds tlie water will rise in LiB boiler, 
and it puzzles liim a little. However, lie shortly 
realizes it is the return water, and goes to the blow-off 
cock and lets some of it out. Soou he gets his heat^ 
ing apparatus in " train," aud the water " stands " all 
right, and his first scare is over. Then he receives an 
order to " run the pressure up " to 50 pounds. Away 
goes the water again ; in fact, it has been lowering lit 
the glass since the pressure began to increase. Cau- 
tion drives him to the pump, and he puts the water up 
to " two cocks" again, and all goes well for a time. 
Then he receives an order to open the doors and let 
the pressure down, and from that moment he is in 
trouble again, and it may be he will find he has water 
enough coming from some place to fill the boiler to 
the safety-valve, and he goes again to the blow-ofE 
cock. 

Now, all this is wrong. There should be sufficient 
water above the tubes of such boilers to fill the mains 
aud radiators with steam at the highest pressure likely 
to be carried, without having to add more, unless some 
has been wasted by blowing into the sewer or else- 
where. 

If the filling of the mains and radiators of a steam 
apparatus with steam at five pounds pressure takes 1^ 
inches of water from a boiler, it will take 4^ inches if 
the pressure is run up to 50 pounds, and to this should 
be added 2J inches for safety, making the level of the 
water at the starting of the fire seven inches or more 
above the tube line. 

Exactly what this distance should be canuot be 
accurate)/ established, aud will \)ii A\SeYea^'\^i&iv^««'*i«^ 
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